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Fig.  17,  page  114^  for  **os  orbiculare  between  the  malleus  and  stapes,'^  read 

*'  between  the  ineus  and  stapes,** 
Fig.  31,  page  161,  for  *<  R.  Temporalis  muscle,"  read  <*  R.  Masuter  muscle," 
Fig-  75,  page  361,  add— 1.  Os  hyoides. 

2.  Lesser  comu  of  da 

3.  Greater  comu  of  do. 

4.  Extremity  of  the  epiglottis. 

5.  Shro-thyroid  membrane. 

6.  Thyroid  cartilage.  * 

7.  Cticmd  cartilage. 

8.  Trachea. 

Fig.  76,  same  page,  add — Glottis  seen  from  above. 

1. 1.  Thyroid  cartilage. 

2. 2.  Greater  comu  of  do. 

3. 3.  Vocal  cords. 
4.  Glottis. 

5, 5.  Arytenoid  cartilages. 
6.  Cricoid  cartilage. 
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ABSORPTION. 


Ik  the  consideration  of  the  preceding  functions  we  have  seen 
the  alimentary  matter  subjected  to  various  actions  and  alterations; 
and,  at  length,  in  the  small  intestine,  possessed  of  the  necessary 
physical  constitution  for  the  chyle  to  be  separated  from  it  Into 
the  mode  in  which  this  separatio'n, — which  we  shall  find  is  not 
simply  a  secerning  action,  but  one  of  elaboration  and  of  a  vital  cha- 
racter,— is  effected,  we  have  now  to  inquire.  It  belongs  to  the 
function  of  absorption^  and  its  object  is  to  convey  the  nutritive 
fluid,  formed  from  the  food,  into  the  torrent  of  the  circulation. 

Absorption  is  not,  however,  confined  to  the  formation  of  this 
fluid.  Liquids  can  pass  into  the  blood  directly  through  the  coats 
of  the  containing  vessel,  without  having  been  subjected  to  any 
elaboration;  and  the  different  constituents  of  the  organs  are  con- 
stantly subjected  to  the  absorbing  action  of  vessels,  by  which  their 
decomposition  is  effected,  and  their  elements  are  conveyed  into 
the  blood;  whilst  antagonizing  vessels,  called  exhalants^  deposit 
firesh  particles,  in  the  place  of  those  that  are  removed.  Yet  these 
various  substances, — bone,  muscle,  hair,  nail,  as  the  case  maybe, — 
are  never  found,  in  their  compound  state,  in  the  blood  ;  and  the 
inference,  consequently,  is,  that  at  the  very  mouths  of  these  ab- 
sorbents and  exhalants,  the  substance,  on  which  absorption  or  ex- 
halation has  to  be  effected,  is  reduced  to  its  primary  constituents, 
and  this  by  an  action,  to  which  we  know  nothing  similar  in  phy- 
aics  or  chymistry:  hence,  it  has  been  inferred,  the  operation  is 
one  of  the  acts  of  vitality. 

All  the  various  absorptions  may  be  classed  under  two  heads: — 
the  external  and  the  internal^  the  former  including  those,  that 
take  place  on  extraneous  matters  from  the  surface  of  the  body  or 
from  its  prolongation — the  mucous  membranes;  and  the  latter, 
those  that  are  effected  internally,  on  matters  proceeding  from  the 
body  itself,  by  removing  parts  already  deposited. 

By  some  physiologists,  the  action  of  the  air  in  respiration  has 

been  referred  to  the  former  of  these ;  and  the  whole  function  of 

absorption  has  been  defined;  the  aggregate  of  actions,  by  which 

nutritive  substanaes— external  and  internal — are  converted  into 

0  fluids,  which  serve  as  the  basis  of  arterial  blood. 


4  ABSORPTION. 

The  functioD  of  respiration  will  be  investigated  separately.  Our 
attention  will,  at  present,  be  directed  to  the  other  yarieties,  and, 
first  of  all,  to  that  which  occurs  in  the  digestive  tube. 

Sect.  I.— DIGESTIVE  ABSORPTION. 

The  absorption,  effected  in  the  organs  of  digestion,  is  of  two 
kinds;  according  as  it  concerns  liquids  of  a  certain  degree  of  te- 
nuity, or  solid  food.  The  former,  it  has  been  remarked,  are  sub- 
jected to  no  digestive  action,  but  disappear  chiefly  from  the  sto- 
mach, and  the  remainder  from  the  small  intestine ;  whilst  the  latter 
undergo  conversion,  before  they  are  fitted  to  be  taken  up  from  the 
intestinal  canal. 

I.  ABSORPTION   OF   CHYLE   OR   CHYLOSIS. 

•Anatomy  of  the  Chyliferous  .Apparatus. 

In  the  lower  animals,  absorption  is  effected  over  the  whole  sur- 
face of  the  body,  both  as  regards  the  materials,  necessary  for  the 
nutrition  of  the  body,  and  the  supply  of  air.  No  distinct  organs  for 
the  performance  of  these  functions  are  perceptible.  In  the  upper 
classes  of  animals,  however,  we  find  an  apparatus,  manifestly  in- 
tended for  the  absorption  of  chyle,  and  constituting  a  vascular  com- 
munication between  the  small  intestine  and  the  left  subclavian. 
Along  this  channel,  the  chyle  passes,  to  be  emptied  into  that  ve- 
nous trunk. 

The  chyliferous  apparatus  consists  of  the  chyliferous  vessels, 
mesenteric  glands  and  thoracic  duct.  The  chyliferous  vessels  or 
lactealSy  arise  from  the  inner  surface  of  the  small  intestine;  in  the 
villi,  which  are  at  the  surface  of,  and  ^between,  the  valvule  conni- 
ventes.  Their  origin  is,  however,  imperceptible,  even  by  the  aid 
of  the  microscope ;  and,  accordingly,  the  nature  of  their  arrange- 
ment has  given  occasion  to  much  diversity  of  sentiment,  amongst 
anatomists.  Lieberkuhn  affirms  that,  by  the  microscope,  it  may 
be  shown,  that  each  villus  terminates  in  an  ampullula  or  oval 
vesicle,  which  has  its  apex  perforated  by  lateral  orifices,  through 
which  the  chyle  enters.  The  doctrine  of  open  mouths  has  been 
embraced  by  Hewson,  Sheldon,  Cruikshank,  and  by  many  of  the 
anatomists  of  the  present  day;  but,  on  the  other  hand,  it  has  been 
contested  by  Mascagni  and  others ;  whilst  Rudolphi  and  Mec- 
kel believe,  that  the  lacteals  have  not  free  orifices  in  the  cavity  of 
the  intestine ;  but  that  in  the  villi,  in  which  absorption  is  effected, 
a  spongy  or  sort  of  gelatinous  tissue  exists  which  accomplishes  ab- 
sorption, and,  being  continuous  with  the  chyliferous  vessels,  con- 
veys the  product  of  absorption  into  them. 

All  these  are  mere  speculations,  too  often  entirely  gratuitous; 
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■nd  it  must  be  admitted,  that  we  know  nothing  definite  regardiog 
the  extreme  radicles  of  the  chyliferoua  Teraela.  When  they  become 
perceptible  to  the  eye,  they  are  observed,  as  in  the  subjoined 
figure,  communicating  frequently  with  each  other ;  and  forming  a 
TDinute  net-work,  first  between  the  muscular  and  mucous  mem- 
branes, and  afterwards  between  the  muscular  and  peritoneal,  until 
tbey  terminate  in  larger  trunks  a,  a,  a,  a.  When  they  attain 
the  point,  at  which  the  peritoneal  coat  quits  the  intestine,  they 
leave  it  also;  and  creep  for  an  inch  or  two  in  the  substance  of  the 
mesentery;  when  they  enter  a  first  row  of  mesenteric  glands. 

Fig.  97.' 


Prom  these  they  issue,  of  a  greater  size  and  in  less  number;  proceed 
still  farther  along  the  mesentery ;  and  reach  a  second  row,  into 
which  they  likewise  enter.  From  these,  again,  they  issue,  larger 
and  less  numerous,  anastomosing  with  others ;  and  proceeding  to- 
wards the  lumbar  portion  of  the  spine,  where  they  terminate  in  a 
common  reservoir, — the  reaervofr  of  Pecquet,  the  receptacu- 
lum  or  cisterna  chyli, — which  is  the  commencement  of  the  thoracic 
duct.  This  reservoir  is  situated  about  the  third  lumbar  vertebra; 
behind  the  right  pillar  of  the  diaphragm,  and  the  right  renal  ves- 
sels. The  chyliferous  vessels  generally  follow  the  course  of  the 
arteries;  but  sometimes  proceed  in  the  spaces  between  them.  Tbey 
exist  in  the  lower  part  of  the  duodenum,  through  the  whole  of  the 
jejunum,  and  in  the  Uf^r  part  of  the  ileum. 
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They  are  composed  of  two  coats;  the  outer  oi  a  fibroua  and  firm 
character;  the  inner  very  thin;  and  forming,  by  its  duplicatures, 
what  are  called  the  valves.  These  valves  are  of  a  semilunar  form, 
arranged  in  pairs,  and  with  the  convex  side  turned  towards  the  in- 
testine. Their  arrangement  appears  to  be  well  adapted  for  per- 
mitting the  chyle  to  flow  from  the  intestine  to  the  thoracic  duct, 
and  for  preventing  its  retrograde  course ;  but  Maoendie  afBrms, 
that  their  existence  is  by  no  means  constant.  Some  anatomists 
describe  an  external  coat,  which  is  formed  of  condensed  cellular 
tissue,  and  unites  the  chyliferous  vessels  to  the  neighbouring  part*. 

The  mesenteric  glands  or  ganglions  are  small,  irregularly 
leoticular,  organs;  varying  in  size  from  the  sixth  of  an  inch,  to  an 
inch ;  nearly  one  hundred  in  number,  and  situated  between  the  two 
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laminae  of  the  mesentery.  In  them,  the  lymphatic  vessels  of  the 
abdomen  terminate,  and  the  chyliferoas  vessels  traverse  them,  in  , 
their  course  from  the  small  intestine  to  the  thoracic  duct  Their 
substance  is  of  a  pale  rosy  colour ;  and  their  consistence  moderate. 
By  pressure,  a  transparent  and  inodorous  fluid  can  be  forced 
from  them ;  which  has  never  been  examined  chymically.  Anato- 
mists differ,  with  regard  to  their  structure.  According  to  some, 
they  consist  of  a  pellet  of  ohyliferous  vessels;  folded  a  thousand 
times  upon  each  other  y  subdividing  an'd  anastomosing,  almost  ad 
infinitum;  united  by  cellular  tissue,  and  receiving  a  number  of 
blood-vessels.  In  the  opinion  of  others,  again,  cells  exist  in  their 
interior^  into  which  the  afferent  chyliferous  vessels  open ;  and 
whence  the  efferent  set  out.  These  are  filled  with  a  milky  fluid, 
carried  thither  by  the  lacteals  or  exhaled  by  the  blood-vessels. 

Notwithstanding  the  labours  of  Nuck,  Hewson,  Abernethy, 
Mascagni,  Cruikshank,  Haller,  Beclard  and  other  distin- 
guished anatomists^  the  texture  of  these,  as  well  as  of  the  lympha- 
tic glands  or  ganglions  in  general,  is  not  demonstrated.  All  that 
we  know  is,  that  the  chyliferous  and  sanguineous  vessels  become 
extremely  minute  in  their  substance  ;  and  that  the  communication 
between  the  afferent  and  efferent  vessels,  through  them,  is  very 
easy ;  as  mercurial  injections  pass  readily  from  the  one  to  the 
other. 

The  thoracic  duct^gy  Fig.  98,  is  formed  by  the  junction  of  the 
chyliferous  trunks  with  the  lymphatic  trunks  from  the  lower  ex- 
tremity. The  receptaculum  chylif  already  described,  forms  its 
commencement.  After  getting  from  under  the  diaphragm,  the 
duct  proceeds,  in  company  with  the  aorta,  along  the  right  side  of 
the  spine,  until  it  reaches  the  fifth  dorsal  vertebra;  where  it  crosses 
over  to  the  left  side  of  the  spine,  behind  the  oesophagus.  It  then  as- 
cends behind  the  left  carotid  artery  ;  runs  up  to  the  interstice  be- 
tween the  first  and  second  vertebrae  of  the  chest ;  where,  after 
receiving  the  lymphatics,  which  come  from  the  left  arm  and  left 
side  of  the  head  and  neck,  it  suddenly  turns  downwards,  and 
terminates  at  the  angle,  formed  by  the  meeting  of  the  subclavian 
and  internal  jugular  veins  of  the  left  side. 

To  observe  the  chyliferous  apparatus  to  the  greatest  advantage ; 
it  should  be  examined  in  an  individual  recently  executed,  or  killed 
suddenly  two  or  three  hours  after  having  eaten  ;  or  in  an  animal, 
destroyed  for  the  purpose  of  experiment,  under  the  same  circum- 
stances. The  lacteals  are  then  filled  with  chyle,  and  may  be  readily 
recognised,  especially  if  the  thoracic  duct  has  been  previously 
tied. 

The  chyliferous  vessels  were  unknown  to  the  ancients.  The 
honour  of  their  discovery  is  due  to  Gaspard  Aselli  of  Cremona, 
who,  in  1622,  at  the  solicitation  of  some  friends,  undertook  the  dis- 
section of  a  living  dog,  which  had  just  eaten,  in  order  to  demon- 
strate the  recurrent  nerves.  On  opening  the  abdomen,  he  perceived 
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a  multitude  of  white,  rery  delicate  filaments,  crossiDg  the  mesentery 
in  all  directions.  At  fint,  he  took  them  to  be  nerves ;  but  haying 
accidentally  cut  one,  he  saw  a  considerable  quantity  of  a  white 
liquor  exude,  analogous  to  cream.  AsELLiaiso  noticed  the  valves,  but 
he  fell  into  an  important  error  regarding  the  destination  of  the  ves- 
sels;— making  them  collect  in  the  pancreas,  and  from  thence  pro- 
ceed to  the  liver. 

In  1628,  the  human  lacteals  were  discovered.  Gassendi  had 
no  sooner  heard  of  the  discovery  of  Aselli,  than  he  spoke  of  it  to 
his  friend  Nicholas-Claude-Fabrics  de  Peiresc,  senator  of  Aiz; 
who  seems  to  have  been  a  most  zealous  propagator  of  scientific 
knowledge.  He  immediately  bought  several  copies  of  the  work 
of  Aselli,  which  had  only  appeared  the  year  previously;  and 
distributed  them  amongst  his  friends  of  the  profession.  Many  ex- 
periments were  made  upon  animals,  but  the  great  desire  of  Ds 
PsiREsc  was,  that  they  should  be  found  in  the  human  body. 
Through  his  interest,  a  malefactor,  condemned  to  death,  was  given 
up,  a  short  time  before  his  execution,  to  the  anatomists  of  Aix;  who 
made  him  eat  copiously;  and  an  hour  and  a  half  after  execution, 
opened  the  body,  in  which,  to  the  great  satisfaction  of  De  Peiresc, 
the  vessels  of  Aselli  were  perceived,  in  the  clearest  manner. 
Afterwards,  in  1634,  John  Weslino  gave  the  first  graphic  repre- 
sentation of  the  chyliferous  vessels  from  the  human  body;  and  he 
subsequently  indicated,  more  clearly  than  his  predecessors,  the 
thoracic  duct  and  the  lymphatics.  Prior  to  the  discovery  of  the  chy- 
liferous and  lymphatic  vessels,  the  veins,  which  arise  in  immense 
numbers  from  the  intestines,  and,  by  their  union  with  other  veins, 
form  the  vena  porta,  were  esteemed  the  agents  of  absorption ;  and, 
even  at  the  present  day,  they  are  considered,  by  some  physiolo- 
gists, to  participate  with  the  chyliferous  vessels  in  the  function: — 
with  what  propriety  we  shall  inquire  hereafter. 

The  chyle,  as  it  circulates  in  the  chyliferous  vessels,  has  only  been 
submitted  to  examination  in  comparatively  recent  times.  The  best 
mode  of  obtaining  it  is  to  feed  an  animal,  and,  when  digestion  is 
in  full  progress,  to  strangle  it,  or  divide  the  spinal  marrow  behind 
the  occiput.  The  thorax  must  then  be  opened,  through  its  whole 
length;  and  a  ligature  be  passed  round  the  aorta,  oesophagus  and 
thoracic  duct,  as  near  the  neck  as  possible.  If  the  ribs  of  the  left 
side  be  now  turned  back  or  broken,  the  thoracic  duct  is  observed, 
lying  against  the  oesophagus.  By  detaching  the  upper  part,  and 
cutting  into  it,  the  chyle  flows  out  In  this  way,  a  small  quantity 
only  is  obtained;  but,  if  the  intestinal  canal  and  chyliferous  vessels 
be  repeatedly  pressed  upon,  the  flow  may  be  sometimes  kept  up 
for  a  quarter  of  an  hour.  It  is  obviously  impossible,  in  this  way, 
to  obtain  the  chyle  pure;  inasmuch  as  the  lymphatics,  from  various 
parts  of  the  body,  are  constantly  pouring  their  fluid  into  the  tho- 
racic duct 

From  the  concurrent  testimony  of  various  experimenters; — the 
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diyle  is  a  iiqoid  of  a  milky-white  appearance;  limpid  and  transpa- 
rent in  herbivorous  animals,  but  opaque  in  the  carnivorous;  neither 
viscid  nor  glutinous  to  the  touch;  of  a  consistence,  varying  some- 
vrhat  according  to  the  nature  of  the  food;  of  a  spermatic  smell;  sweet 
taste,  not  dependent  on  that  of  the  food;  neither  acid  nor  alkaline; 
and  of  a  specific  gravity,  greater  than  that  of  distilled  water,  but 
less  than  that  of  Uie  blood. 

Magendie,  and  Tiedemann  and  Gmelin,  however,  state  it  to 
possess  a  saline  taste;  to  be  clammy  on  the  tongue;  and  sensibly 
alkaline. 

The  chymical  character  of  the  chyle  has  been  examined  by 
Emmert,  Vauquelin,  MARCET,and  Prout;  and  is  found  to  resem- 
ble the  blood  greatly.  In  a  few  minutes  after  its  removal  from  the 
thoracic  duct,  it  becomes  solid;  and,  after  a  time,  separates,  like  the 
blood,  into  two  parts,  a  coagulum  and  a  liquid.  The  coagulum  is 
an  opaque  white  substance;  of  a  slightly  pink  hue;  insoluble  in 
water;  but  readily  soluble  in  the  alkalies  and  alkaline  carbonates. 
VAiTQinsLiK  regards  it  as  fibrine  in  an  imperfect  state,  or  as  inter- 
iliediate  between  that  principle  and  albumen:  but  Brands  thinks 
it  more  closely  allied  to  the  caseous  matter  of  milk  than  to  fibrine. 

The  analyses  of  Marcet  and  Prout  agree,  for  the  most  part, 
with  that  of  Vauquelin.  Dr.  Proxtt  has  detailed  the  successive 
changes,  which  the  chyle  experiences  in  its  passage  along  the  chy- 
liferous  apparatus.  In  each  successive  stage,  its  reseosblance  to 
flie  blood  was  found  to  be  increased. 

Another  point  of  analogy  with  the  blood  is  the  fact,—- observed 
by  Bauer,  and  subsequently  by  Prevost  and  Dumas, — ^that  the 
chyle,  when  examined  by  the  microscope,  contains  the  same  glo- 
bules as  the  Mood;  difiering  from  the  latter  only  in  their  being  but 
half  the  size,  and  devoid  of  the  envelope  of  colouring  matter.  Al- 
though the  chyle  has  essentially  the  same  constituents,  whatever 
mtty  be  the  food  taken,  and  separates  equally  into  the  clot  and  the 
serous  portion;  the  character  of  the  aliment  may  have  an  effect 
upon  the  portion  of  those  constituents  and  thus  exert  an  influence 
on  its  composition.  That  it  scarcely  ever  contains  adventitious 
substances  we  shall  see  hereafter;  but  it  is  obvious,  that  if  an  animal 
be  fed  on  diet,  contrary  to  its  nature,  the  due  proportion  oi perfect 
chyle  may  not  be  formed;  and  that,  in  the  same  way,  different  adi- 
mentary  articles  may  be  very  differently  adapted  for  its  formation. 
Lburet  and  Lassaigne,  indeed,  affirm  that  in  their  experiments 
they  found  the  chyle  to  differ  more  according  to  the  nature  of  the 
food  than  to  the  animal  species;  but  that,  contrary  to  their  expecta- 
tion, the  quantity  of  fibrine,  existing  in  the  chyle,  bore  no  relation 
to  the  more  or  less  azoted  character  of  the  food.  They  assign  it, 
as  coQStitaents,  fibrine,  albumen,  fatty  matter,  soda,  chloruret  of 
sodium  and  phosphate  of  lime. 

The  chief  object  of  Marcbt's  experiments  was  to  compare  the 
chyle  from  vegetable,  with  thatfromanimal,food,inthesame  animal. 

Vol.  II.  2 
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The  experiments,  made  on  dogs,  led  him  to  the  following  re- 
sults. The  specific  gravity  of  the  serous  portion  of  the  ch^e  is 
from  1.012  to  1.021,  whether  it  be  formed  from  animal  or  vegetable 
diet  Vegetable  chyle,  when  subjected  to  analysis,  furnishes  three 
times  more  carbon  than  animal  chyle.  The  latter  is  highly  disposed 
to  become  putrid;  and  this  change  generally  commences  in  three  or 
four  days;  whilst  vegetable  chyle  may  be  kept  for  several  weeks,  and 
even  for  months,  without  becoming  putrid.*  Putrefaction  attacks 
rather  the  coasulum  of  the  chyle  than  its  serous  portion. 

The  chyle  from  animal  food  is  always  milky ;  and,  if  kept  at 
rest,  an  unctuous  matter  separates  from  it,  similar,  to  cream,  which 
swims  on  the  surface.  The  coagulum  is  opaque,  and  has  a  rosy 
tint  On  the  other  hand,  the  chyle  from  vegetable  food  is  almost 
always  transparent,  or  nearly  so,  like  ordinary  serum.  Its  coagu- 
lum is  almost  colourless,  and  resembles  an  oyster;  and  its  surface 
is  not  covered  with  the  substance  analogous  to  cream. 

Maosicdib,  too,  remarks,  that  the  proportion  of  the  three  sub- 
stances, into  which  the  chyle  separates,  when  left  at  rest ; — namely, 
the  fatty  substance  on  the  surface,  the  clot  and  the  serum,  varies 
greatly,  according  to  the  nature  of  the  food ;  that  the  chyle,  pro- 
ceeding from  sugar,  for  example,  has  very  little  fibrine;  whilst 
that  from  flesh  has  more;  and  that  the  fatty  matter  is  extremely 
abundant  when  the  food  contains  fat  or  oil ;  whilst  scarcely  any  is 
found  if  the  food  contains  no  oleaginous  matter. 

Lastly,  the  attention  of  Prout  has  been  directed  to  the  same 
comparison.  He  found,  on  the  whole,  less  difference  between  the 
two  kinds  of  chyle  than  had  been  noticed  by  Marcst.  In  his  ex- 
periments, the  serum  of  chyle  was  rendered  turbid  by  heat,  and  a 
few  flakes  of  albumen  were  deposited ;  but,  when  boiled,  after  ad- 
mixture with  acetic  acid,  a  copious  precipitation  ensued.  To  this 
substance,  which  thus  difiers  slightly  from  albumen.  Dr.  Prout 
gave  the  inexpressive  name  o{  incipient  albumen.  The  following 
is  a  comparative  analysis,  by  him,  of  the  chyle  of  two  dogs,  one  of 

which  was  fed  on  animal,  and  the  other  on  vegetable,  substances. 

•» 

FegdabU Ihod,  Jmmallhod. 

Water 93.6  89.2 

Fibrine           .,         ...         0.6  0.8 

Incipient  albumen            ...        4.6  4.7 
Albumen,  with  a  little  i1^  colouring 

matter        .... 

Sugar  of  milk         ....  a  trace 

Oily  matter             ....  a  trace  a  trace 

Sdine  matters         ....  0.8  0.7 


i 


0.4  4.6 


lOO.O  100.0 

•  TnvAED  hM  property  Kinarked,  that  the  diireitnce»  in  the  t^ 
of  tfaete  two  Bubftancei^  appean  Tciy  esMnordiiwiy.   It  i%  indeed,  inezplicabie. 
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The  difference,  between  the  chyle  from  food  of  such  opposite 
character^  as  indicated  by  these  experiments,  is  strikingly  insig* 
Bificaot,  and  indicative  of  the  great  uniformity  in  the  action  of  the 
agents  of  this  absorption. 

With  regard  to  the  precise  quantity  of  chyle,  that  may  be  formed 
after  a  meri,  we  know  nothing  definite.  When  digestion  is  not 
going  on,  there  can  of  course  be  none  formed  except  from  the  di- 
gestion of  the  secretions  from  the  digestive  tube  itself;  and,  after 
an  abstinence  of  twenty-four  hours,  the  contents  of  the  thoracic 
dnct  will  be  chiefly  lymph.  During  digestion,  the  quantity  of 
diyle  formed  will  bear  some  relation  to  the  quantity  of  lood  taken; 
the  nutritive  qaalities  of  such  food,  and  the  digestive  powers  of  the 
individual.  Maoendib,  from  an  experiment  made  on  a  dog,  es- 
timated, that  at  least  half  an  ounce  of  chyle  was  conveyed  into  the 
mass  of  blood,  in  that  animal,  in  five  minutes ;  and  the  flow  was 
kept  up,  but  much  more  slowly,  as  long  as  the  formation  of  chyle 
continued. 

• 

Physiology  of  Chylosis. 

The  facts  just  referred  to, — regarding  the  anatomical  arrange- 
ment of  the  cfayliferous  radicles  and  mesenteric  glands, — wtU  suf- 
ficiently account  for  the  obscurity  of  our  views  on  many  points  of 
chylosis. 

The  impracticability  of  detecting  the  mouths  or  extremities  of 
the  chyliferous  radicles  has  been  the  source  of  different  hypotheses; 
and,  according  as  the  view  of  open  mouths  or  of  the  spongy  gela- 
tinous tissue  has  been  embraced,  the  chyle  has  been  supposed  to 
enter  immediately  into  the  vessels,  or  to  be  received  through  the 
medium  of  this  tissue ;  or,  again,  to  pass  through  the  parietes  of 
the  vessels  by  imbibition. 

Let  it  be  borne  in  mind,  however,  that  not  only  the  action  of 
absorption,  but  the  vessels  themselves,  are  seen  only  by  the 
'^  mind's  eye ;''  and  that  the  chyle  does  not  seem  to  exist  any 
where  but  in  the  chyliferous  vessels.  In  the  small  intestine,  we 
see  a  chymous  mass,  possessing  all  the  properties  we  have  described, 
but  containing  nothing  resembling  true  chyle;  whilst,  in  the  smallest 
lacteal  we  can  detect,  it  always  possesses  the  same  essential  proper- 
ties. Between  this  imperceptible  portion  of  the  vessel,  then,  and  its 
commencement, — ^including  the  latter, — ^the  elaboration  must  have 
been  effected.  LstmsT  and  Lassaione,  indeed,  affirm,  that  they 
have  detected  chyle  in  the  chymous  mass  within  the  intestine,  by 
the  aid  of  the  microscope.  They  state  that  globules  appeared  in  it 
similar  to  those  that  are  contained  in  the  chyle,  and  that  their  dis*- 
semination  amonest  so  many  foreign  matters  alone  prevents  their 
union  in  perceptible  fibrils.  These  globules  they  regard  as  true 
diyle, — for  the  reason,  that  they  observed  similar  globules  in  the 
artificial  digestions  they  attempted;  and,  on  the  other  hand,  never 
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detected  them  in  the  digestive  secretions.  In  their  view,  conse-^ 
quently,  chyliferous  absorption  would  be  confined  to  the  separa- 
tion of  the  chyle,  ready  formed  in  the  intestine,  from  the  ex- 
crementitious  matters  united  with  it  We  have  already  more 
than  once  referred  to  the  caution,  which  it  is  necessary  to  adopt, 
regarding  minute  microscopic  researches;  and  to  the  difier^ 
ence,  presented  to  the  observer  by  glasses  of  difierent  magnifying 
powers.  We  must  have  stronger  evidence  than  this  to  set  aside 
the  overwhelming  testimony  in  favour  of  an  action  of  selection  and 
elaboration  by  the  absorbents  of  all  organized  bodies-^veg^table  as 
well  as  animal.  The  nutriment  of  the  vegetable  may  exist  in  the 
soil  and  the  air  around  it;  but  it  is  subjected  to  a^  vital  agency  the 
moment  it  is  laid  hold  of,  and  is  decomposed  to  be  again  united,  so 
as  to  form  the  sap«  How  else  can  we  understand  the  conversion 
of  the  animal  matters  in  the  manure  into  the  substance  of  the  vege- 
table? A  like  action  is  doubtless  exerted  by  the  chyliferous  ra- 
dicles; and  hence  all  the  modes  of  explaining  this  part  of  the 
function,  under  the  supposition  of  their  being  passive,  mechanical 
tubes,  are  inadequate  and  unphilosophical.  Boerhaavs  affirmed, 
that  the  peristaltic  motion  of  the  intestines  has  a  considerable  in- 
fluence in  forcing  the  chyle  into  the  mouths  of  the  vessels ;  whilst 
Or.  YouNO  is  disposed  to  ascribe  the  whole  efieot  to  capillary  at- 
traction ;  and  he  cites  the  lachrymal  duct  as  an  analogous  case,  the 
contents  of  which,  he  conceives,-— and  we  think  with  propriety y-— 
are  entirely  propelled  by  capillary  attraction. 

The  objections  to  these  views,  as  regards  the  chyliferons  vessels, 
are  sufficiently  obvious.  The  chyle  must,  according  to  them,  exist 
in  the  intestines ;  and  if  the  view  of  Bosjlhaavb  were  conreot^  we 
ought  to  be  able  to  obtain  it  from  the  chyme  by  pressure.  As  the 
chyle  is  not  present,  ready  formed,  in  the  intestine,  the  explana- 
tions by  imbibition  and  by  capillary  attraction  are  equally  inadmis- 
sible. There  is  no  analogy  between  the  cases  of  the  lachrymal 
duct  and  the  chyliferous  vessels.  In  another  part  of  this  work, 
we  have  affirmed,  that  the  passage  of  the  tears,  through  the 
puncta  lachrymalia  and  along  the  lachrymal  ducts,  is  one  of  the 
few  cases,  in  which  capillary  attraction  can,  with  propriety,  be 
invoked,  for  the  explanation  of  functions  executed  by  the  human 
frame.  In  that  case,  there  is  no  conversion  of  the  fluid.  It  is  the 
same  on  the  conjunctiva  as  in  the  lachrymal  duct,  but,  in  the  case  of 
the  chyliferous  vessel^  a  new  fluid  is  formed ;  there  must,  therefore, 
have  been  an  action  of  selection  exerted;  and  this  very  action 
would  be  the  means  of  the  entrance  of  the  new  fluid  into  the  mouths 
of  the  lacteals.  If^  therefore,  we  admit,  in  any  manner,  the  doo- 
trine  of  capillu*y  tubes  v  it  can  only  be,  when  taken  in  conjunction 
with  that  of  the  elaborating  agency. 

"  As  far  as  we  are  able  to  judge,^*  says  Bostock,  "  when  par- 
ticles, possessed  of  the  same  physical  properties,  are  presented  to 
their  mouths  (the  lacteals,)  some  are  taken  up,  while  otbeirs  ^re  re- 
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jeeted;  and  if  this  be  the  case,  we  mart  conceive,  in  the  first  place, 
that  a  specific  attraction  exists  between  the  yessel  and  the  particles, 
and  that  a  certain  vital  action  must,  at  the  same  time,  be  exercised 
by  the  vessel,  connected  with,  or  depending  upon,  its  contractile 
power,  which  may  enable  the  particle^  to  be  received  within  the 
vessel,  after  they  have  been  directed  towards  it  This  contractile 
power  may  be  presumed  to  consist  in  an  alternation  of  contraction 
and  relaxation,  such  as  is  supposed  to  belong  to  all  vessels,  that  are 
iDteoded  for  the  propulsion  of  fluids,  and  which  the  absorbents 
would  seemio  possess  in  an  eminent  degree. '^  This  is  all  specious; 
but  it  is  not  the  less  hypothetical. 

By  other  physiologists,  absorption  is  presumed  to  be  effected, 
by  virtue  of  the  peculiar  sensibility  or  insensible  organic  contract 
tility  or  irritability  of  the  mouths  of  the  absorbents ;  but  these 
terms  are,  as  Maoendis  has  remarked,  the  mere  expression  of  our 
ignorance,  regarding  the  nature  of  the  phenomenon.  The  separa- 
tion of  the  chyle  is,  doubtless,  a  chemical  process;  seeing  that  there 
mxiSt  be  both  an  action  of  decomposition  and  of  recomposition ;  but 
it  is  not  regulated,  apparently,  by  the  same  laws,  as  those  that 
govern  inorganic  chymistry. 

It  has  already  been  remarked,  that  the  chyle  always  possesses  the 
same  essential  properties ;  that  it  may  vary  slightly  according  to 
the  food,  and  the  digestive  powers,  of  the  individual, « but  that  it 
rarely  if  ever  contains  any  adventitious  substance ;'— the  function 
of  the  chyliferous  vessels  being  restricted  to  the  formation  of  chyle* 
The  facts  and  arguments,  in  favour  of  this  view  of  the  subject,  will 
be  given  hereafter. 

The  course  of  the  chyle  is,  as  we  have  described,  along  the  chyli*- 
ferous  vessels,  through  the  mesenteric  glands  into  the  receptacu- 
lom  chyli  or  commencement  of  the  thoracic  duct;  along  which  it 
passes  into  the  subclavian  vein. 

The  chief  causes  of  its  progression,  are,— first  of  all,  the  inappre- 
ciable action,  by  which  the  chyliferous  vessels  form  and  receive 
the  chyle  into  them.  This  formation  being  continuous^  the  fresh 
portions  must  propel  those  already  in  the  vessels  towards  the  me- 
senteric glands.  It  is  probable,  too,  but  we  have  no  direct  evidence 
of  the  fact,  that  the  vessels  themselves  are  contractile ;  although, 
their  fibrous  coat  is  seemingly  not  muscular, — notwithstanding  the 
opinions  of  Sheldon,  Schneider  and  Cbuikshank,  to  the  con- 
trary,—«nd  when  observed  on  a  living  animal,  does  not  exhibit  any 
eontraction.  They  have  by  some  physiologists,  however,  been 
looked  upon  as  possessing  this  property,  for  the  following  reasons. 
First.  They  are  small,  and  tonic  contractions  are  generally  ad- 
mitted in  all  capillary  vessels.  Secondly.  The  ganglions  or  glands, 
which  cut  them  at  intervals,  would  destroy  the  impulse  given  by 
the  first  action  of  the  radicles ;  and  hence  require  some  contraction 
in  the  vessels  to  transport  the  chyle  from  one  row  of  these  gan- 
glions to  another.     Thirdly.  If  a  chyliferous  vessel  be  opened  in 
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a  living  animal,  the  chyle  spirts  out,  which  could  not  be  effected 
simply  by  the  absorbent  action  of  the  chyliferous  radicles ;  and, 
fourthly:  in  a  state  of  abstinence,  these  vessels  are  found  empty; 
proving,  that  notwithstanding  there  has  been  an  interruption  to 
the  action  of  chylous  absorption,  the  whole  of  the  chyle  has  been 
propelled  into  the  receptaculum  chyli.  It  is  obvious,  however, 
that  most  of  these  reasons  would  apply  equally  to  the  elasticity  as 
to  the  muscularity  of  the  outer  coat  of  these  vessels. 

A  more  forcible  argument  is  derived  from  an  experiment  by 
Lattth.  He  killed  a  dog,  towards  the  termination  of  digestion; 
and  immediately  opened  its  abdomen,  when  he  found  the  intestines 
marbled,  and  the  chyliferous  vessels  filled  with  chyle.  Under  the 
stimulation  of  the  air,  these  vessels  began  to  contract,  and,  in  a  few 
minutes,  were  no  longer  perceptible.  The  result  he  found  to  be 
the  same,  whenever  the  dissection  was  made  within  twenty-four 
hours  after  death  ;  but,  at  the  end  of  this  time,  the  irritability  of 
the  chyliferous  vessels  was  extinct ;  and  they  remained  distended 
with  chyle,  notwithstanding  the  admission  of  air.  These  experi- 
ments lead  to  what  seems,  in  the  absence  of  less  direct  proof, 
scarcely  doubtful: — ^that  the  chyliferous  vessels  possess  a  contrac- 
tile action,  by  the  aid  of  which  the  chyle  is  propelled  along  the 
vessels^ 

In  addition  to  these  propelling  causes,  the  pulsation  of  the  arte- 
ries in  the  neighbourhood  of  the  chyliferous  vessels;  and  the  pres- 
sure of  the  abdominal  muscles  in  respiration  have  been  invoked. 
The  former  has  probably  less  effect  than  the  latter.  It  is  not,  indeed, 
easy  to  see  how  the  former  can  be  possessed  of  any.  Of  the  agency 
of  the  latter  we  have  experimental  evidence.  If  the  thoracic  duct 
be  exposed  in  the  neck  of  a  living  animal  and  the  course  of  the 
chyle  be  observed,  it  will  be  found  accelerated  at  the  time  of  inspi- 
ration, when  the  depressed  diaphragm  forces  down  the  viscera;  or 
when  the  abdomen  of  the  animal  is  compressed  by  the  hands.  We 
shall  find,  too,  hereafter,  that  the  mode  in  which  the  thoracic  duct 
opens  into  the  subclavian,  exerts  considerable  effect  on  the  progress 
of  the  chyle  in  its  vessels. 

We  have  reason  to  believe,  that  the  course  of  the  chyle  is  slow. 
It  has  been  already  stated,  that  in  an  experiment  on  a  dog, 
which  had  eaten  animal  food  at  discretion,  Maoendie  found  half 
an  ounce  of  chyle  discharged  from  an  opening  in  the  thoracic  duct 
in  five  minutes.  Still,  as  he  judiciously  remarks,  the  velocity  will 
be  partly  dependent  upon  the  quantity  of  chyle  formed.  If  much 
enters  the  thoracic  duct,  it  will  probably  proceed  faster  than  under 
opposite  circumstances. 

In  the  commencement  of  the  thoracic  duct  the  chyle  becomes 
mixed  with  lymph.  Under  the  head  of  lymphatic  absorption  we 
shall  show  how  they  proceed  together  into  the  subclavian,  and  the 
effect  produced  by  Uie  circumstances  under  which  the  thoracic  duot 
opens  into  that  venous  trunk. 
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It  has  been  a  subject  of  inquiry, — and  unfortunately  a  fruitless 
one  with  physiologists, — whether  the  chyle  varies  materially  in 
different  parts  of  its  course,  and  what  is  the  precise  modification, 
impreased  upon  it  by  the  action  of  the  mesenteric  glands.  The 
experiments  of  Reuss,  Emmert,  and  others,  seem  to  show,  that 
when  taken  from  the  intestinal  side  of  the  mesenteric  glands,  it  is 
of  a  yellowish-white  colour,  does  not  become  red  on  being  exposed 
to  the  air,  and  coagulates  but  imperfectly,  depositing  only  a  small^ 
yellowish  pellicle ;  whilst  that,  obtained  from  the  other  side  of  the 
glands  and  near  the  thoracic  duct,  is  of  a  reddish  colour,  coagulates 
entirely,  and  deposits  a  clot  of  a  scarlet-red  colour.  Vauquelin, 
too,  affirms,  that  it  acquires  a  rosy  tint  as  it  advances  in  the 
apparatus;  and  that  the  fibrine  becomes  gradually  more  abun- 
dant 

These  circumstances  have  given  rise  to  the  belief,  that  the  chyle, 
as  it  proceeds,  becomes  more  and  more  animalized,  or  transformed 
into  the  nature  of  the  being  to  be  nourished.  This  efiect  has  ge- 
nerally been  ascribed  to  the  mesenteric  glands;  and  it  has  been  pre- 
sumed by  some  to  be  produced  by  the  exhalation  of  a  fluid  into 
their  cells,  from  the  numerous  blood-vessels,  with  which  they  are 
famished.  Others,  again,  consider,  that  the  veins  of  the  glands 
remove  from  the  chyle  every  thing,  that  is  noxious,  or  purify  it 
From  the  circumstance,  that  the  rosy  colour  of  the  chyle  is  more 
marked  on  the  thoracic,  than  on  the  intestinal,  side  of  the  glands; 
that  the  fluid  is  richer  in  fibrine  after  having  passed  through  those 
glands ;  and  that  the  rosy  colour  and  fibrine  are  less,  when  the  ani- 
mal has  taken  a  larger  proportion  of  food,  MM.  Tiedemann  and 
Gmbi.in  infer,  that  it  is  to  tlie  action  of  these  glands,  that  the  chyle 
owes  those  important  changes  in  its  nature; — ^the  fluid,  in  its  pas- 
sage through  them,  obtaining,  from  the  blood  circulating  in  them^ 
the  new  elements,  which  animalize  it 

These  are  the  chief  views,  that  have  been  entertained,  regarding 
the  uses  of  the  mesenteric  glands.  They  are  all  equally  gratuitous 
with  the  notion,  indulged  by  some,  that  they  act  as  so  many  hearts, 
for  the  propulsion  of  the  chyle  towards  the  subclavian  vein.  We 
are,  in  truth,  totally  ignorant  of  their  uses. 

In  another  place,  the  various  hypotheses,  that  have  been  indulged, 
regarding  the  spleen,  will  be  noticed.  It  is  proper,  however,  to 
refer  to  one,  that  has  been  recently  proposed  by  MM.  Tiedemann 
and  GiCBLiN,  but  which  appears  little  less  solid  than  its  precursors. 
They  consider  the  organ  as  a  dependent  ganglion  of  the  absorbent 
system,  which  prepares  a  fluid,  destined  to  be  mixed  with  the  chyle 
to  effect  its  animalization.  The  reasons,  which  led  them  to  this 
belief,  are  given  elsewhere. 

Prior  to  the  discovery  of  the  chyliferous  vessels,  the  mesenteric 
veins  were  regarded  as  the  agents  of  chylous  absorption ;  and  as 
these  veins  terminate  in  the  vena  porta,  which  is  distributed  to  the 
liver,  this  last  organ  was  considered  the  first  organ  of  sanguifica- 


19  ABSORFTION. 

tioo;  and  as  impreasing  upon  the  chyle  a  first  elaboration.  In  this 
yiew,  the  great  size  of  the  organ,  compared  with  the  small  quantity 
of  bile  it  furnishes,  and  the  exception,  which  the  mesenteric  yeins 
and  vena  porta  present  to  the  rest  of  the  venous  system,  were  ac- 
counted for,  as  well  as  the  large  size  of  the  liver  in  the  foetus,  al- 
though not  effecting  any  biliary  secretion ;  and  the  fact  of  its  re- 
ceiving immediately  the  nutritive  fluid  from  the  placenta. 

The  idea  is  now  nearly  exploded,  but  not  altogether  so.  There 
are  yet  physiologists,  and  of  no  little  eminence,  who  regard  the 
mesenteric  veins  as  participators  in  the  function  of  ehylosis  with 
the  chyliferous  vessels  themselves.  Some  of  the  arguments,  used 
by  those  gentlemen,  are:— 

First.  That  the  mesenteric  veins  form  as  much  an  integrant  part 
of  the  villi  of  the  intestine  as  the  chyliferous  vessels;  and,  that  Ihey 
have,  also,  free  orifices  in  the  cavity  of  the  intestine.  Lieber- 
KUHN,  by  throwing  an  injection  into  the  vena  porta,  observed 
the  fluid  ooze  out  at  the  villi  of  the  intestine;  and  Rises  ob- 
tained the  same  result  by  injecting  spirit  of  turpentine  coloured 
black.  It  is  manifest,  however,  that  these  experiments  are  insuffi- 
cient to  establish  the  fact  of  open  mouths.  Situated,  as  those  vessels 
are,  in  an  extremely  loose  tissue,  which  affords  them  but  little  sap» 
port,  the  slightest  injecting  force  might  be  expected  to  be  sufficient 
to  rupture  their  sides. 

Secondly.  That  chyle  has  often  been  found  in  the  mesenteric 
veins.  Swammsrdam  asserts,  that,  having  placed  a  ligature  round 
the  mesenteric  veins  of  a  living  animal,  whilst  digestion  was  going 
on,  he  saw  whitish,  chylous  striae  in  the  blood  of  those  veins;  and 
TiEDEMANN  and  Gmelin  assert,  that  they  have  often,  in  their  ex- 
periments, observed  the  same  appearance.  If  the  fact  of  the  identity 
of  these  strisc  with  chyle  were  well  established,  we  should  have  to 
bend  to  the  weight  of  evidence.  This  is  not,  however,  the  case. 
These  gentlemen  afford  us  no  other  reason  for  the  belief,  than  the 
colour  of  the  striae.  The  arguments  against  the  mesenteric  veins  hav- 
ing the  power  of  forming  chyle  we  think  irresistible.  A  separate 
apparatus  exists,  manifestly  for  this  purpose,  which  scarcely  ever 
contains  any  thing  but  chyle;  and,  consequently,  it  would  seem  un- 
necessary, that  the  mesenteric  veins  should  participate  in  it,  espe- 
cially as  the  fluid,  which  circulates  in  them,  is  most  heterogeneous; 
and,  as  we  shall  see,  a  compound  of  various  adventitious  and  other 
absorptions.  Granting,  however,  that  these  striae  are  true  chyle,  it 
would,'  it  is  affirmed,  by  no  means,  follow  absolutely,  that  it  should 
be  formed  by  the  mesenteric  veins.  It  is  possible,  that  a  communi- 
cation may  exist  between  the  chyliferous  vessels  and  these  veins. 

Vai^aus  asserts,  that  having  placed  a  ligature  on  the  lymphatic 
trunks  of  the  intestine,  chyle  passed  into  the  vena  portae.  Rosen, 
MECKEL,  and  Lobstetec,  affirm,  that  by  the  use  of  injections  they 
also  detected  this  inosculation.  Lippi  states,  that  the  chyli- 
ferous vessels  have  numerous  anastomoses  with  the  veins,  not  only 
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in  their  cpvne  along  the  meaeptery  before  they  enter  the  niesen- 
terie  gUodf;  but  ako  in  the  glands  themselves.  Tiedxhakn  and 
GmxIsUx  concur  in  the  existence  of  this  last  anastomosis.  Lastly, 
LiKUBJir  and  La88AI«ne  found  that  a  ligature  applied  round  the 
rena  portse  oecanioBed  the  reflux  of  blood  into  the  thoracic  duct. 

Thirdly.  That  the  ligature  of  the  thoracic  duct  has  not  always 
uidoced  death,  or  has  not  induced  it  speedily ;  and,  consequently, 
that  the  thoracic  duct  is  not  the  only  route,  by  which  the  chyle  can 
pass  to  be  inservient  to  nutrition.  In  an  experiment  of  this  kind 
by  DmrxxvBT,  the  dog  did  not  die  for  fiiUien  days.  Flakdrin 
repeated  it  on  twelve  horses,  which  appeared  to  eat  as  usual,  and 
to  keep  their  fled).  On  killing  them  and  opening  them  a  fortnight 
afierwarda,  he  satisfied  himself,  that  the  thoracic  duct  was  not  dou- 
ble. Sir  AsTLEY  Cooper  likewise  performed  the  experiment  on 
aereral  dog^,  and  he  found  that  the  majority  lived  longer  than  a 
fortnight,  and  that  none  died  in  the  two  first  days;  although  on  dis- 
aection,  the  dact  was  found  ruptured  and  the  chyle  efiiised  into  the 
abdomeo. 

The  experiments  of  Dufuttren  have  satisfactorily  accounted 
for  these  diBerent  results.  He  tied  the  thoracic  duct  in  several 
horses.  Some  died  in  five  or  six  days,  whilst  others  continued 
apparently  in  perfect  health.  In  those,  that  died  in  consequence  of 
the  ligature,  it  was  impossible  to  send  any  injection  from  the  lower 
part  of  the  duct  into  the  subclavian  vein,  it  was,  therefore,  pre- 
sumable, that  the  chyle  had  ceased  to  be  poured  into  the  blood, 
immediately  after  the  duet  was  tied.  On  the  other  hand,  in  those^ 
that  remained  apparently  unafiected,  it  was  always  easy  to  send 
mercurial  or  other  injections  from  the  abdominal  portion  of  the 
duet  into  the  subclavian.  The  injections  followed  the  duct  until 
near  the  ligature;  when  they  turned  off,  entering  into  large  lym- 
phatic vessels,  which  opened  into  the  subclavian  vein,  so  that,  in 
theae  caaes,  the  ligature  of  the  thoracie  duct  had  not  prevented  the 
cbjJe  iroiB  passing  into  the  venous  system;  and,  thus,  we  can  un- 
derstand why  the  animals  should  not  have  perished.  From  every 
consideration,  then,  it  appears  that  the  chyliferous  vessels  are  the 
sole  organs  concerned  in  chylosis ;  and  we  shall  see  presently,  that 
tbey  refuse  the  admiaaion  of  other  substances,  which  must,  conse- 
qoently,  reach  the  circulation  through  some  other  channeL 

II.    ABSORPTIOir  OF   DRIirXS. 

It  haa  been  stated,  that  a  wide  distinction  exists  between  the  gas- 
tric and  intestinal  operations,  which  are  necessary  in  the  case  of 
solid  food  and  liquids.  Whilst  the  former  is  converted  into  chyme 
and  passes  into  the  small  intestine,  to  have  its  chylous  part  separat- 
ed from  it,  the  latter,  according  to  their  constitution,  may  either 
be  wholly  absorbed  or  be  divided  into  two  portions — if  they  con- 
sist of  animal  or  vegetable  infusions — the  animal  or  vegetable  sub- 
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stance  being  subjected  to  chymification,  whilst  the  watery  portion^ 
with  its  saline  accompaniments, — if  any  such  exist, — are  absorbed 
from  the  stomach  or  small  intestine. 

The  chyliferous  vessels,  we  have  seen,  are  the  agents  and  the 
exclusive  agents  of  the  absorption  of  the  chyle  or  nutritive  product 
from  the  digestion  of  solids:  what  then,  are  the  agents  of  the  ab- 
sorption of  liquids?  There  are  but  two  sets  of  vessels,  on  which 
we  can  rest  for  a  moment.  These  are  the  lacteals  or  lymphatics 
of  the  digestive  tube;  and  the  veins  of  the  same  canal.  But,  it  has 
been  seen,  the  chyliferous  vessels  refuse  the  admission  into  their 
interior  of  every  thing  but  chyle.  It  would  necessarily  follow,  then, 
that  the  absorption  of  liquids  must  be  a  function  of  the  veins.  Such 
is  the  conclusion  of  many  distinguished  physiologists,  and  on  infer- 
ences that  are  logical. 

The  view  is  not,  however,  universally,  or  perhaps  generally, 
admitted;  some  assigning  the  function  exclusively  to  the  lacteals; 
others  sharing  it  between  them  and  the  veins.  But  let  us  inquire 
into  the  facts  and  arguments,  adduced  in  support  of  these  different 
opinions.  The  advocates  for  the  exclusive  agency  of  the  chy- 
liferous system  affirm.  First,  That  whatever  is  the  vascular  sys- 
tem, which  affects  the  absorption  of  drinks,  it  must  communicate 
freely  with  the  cavity  of  the  intestine ;  and  that  the  chyliferous 
system  does  this.  Secondly ,  That  this  system  of  vessels  is  the 
agent  of  chylous  absorption  ; — a  presumption,  that  it  is  also  the 
agent  of  the  absorption  of  drinks.  Thirdly j  That  every  physio- 
logist, who  has  examined  the  chyle,  has  described  its  consistence  to 
be  in  an  inverse  ratio  with  the  quantity  of  drink  taken;  and,  lastly, 
that  when  coloured  and  odorous  substances  have  been  conveyed 
into  the  intestine,  they  have  been  found  in  the  chyliferous  vessels 
and  not  in  the  mesenteric  veins.  The  experiments,  however,  ad- 
duced in  favour  of  this  last  position  are  so  few  and  inadequate,  that 
it  is  surprising  they  could  have,  for  a  time,  so  completely  over- 
turned the  old  theory.  This  effect  was  greatly  aided  by  Uie  zeal 
and  ability  of  the  Huntebs  and  of  the  Wind-mill  Street  School  in 
general,  who  were  the  chief  improvers  of  our  knowledge  regard- 
ing the  anatomy  of  the  lymphatic  system. 

The  celebrated  John  Hunter, — ^who  was  one  of  the  first,  that 
positively  denied  absorption  by  the  veins  and  admitted  that  of  the 
lymphatics, — instituted  the  following  ingenious  and  imposing  expe- 
riment He  opened  the  abdomen  of  a  living  dog;  laid  hold  of  a 
portion  of  intestine,  and  pressed  out  the  matters  it  contained  with 
the  hand.  He  then  injected  warm  milk  into  it,  which  he  retained 
by  means  of  ligatures.  The  veins,  belonging  to  the  portion  of 
intestine,  were  emptied  of  their  blood  by  puncturing  their  trunk ; 
and  they  were  prevented  from  receiving  fresh  blood,  by  the  appli- 
cation of  ligatures  to  the  corresponding  arteries.  The  intestine 
was  then  returned  into  the  cavity  of  the  abdomen;  and,  in  the 
course  of  half  an  hour,  was  again  withdrawn  and  scrupulously  exa- 
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mined  ;  when  the  veios  were  found  still  empty,  whilst  the  chyli- 
ferous  vessels  were  full  of  a  white  fluid.  Hunter  subsequently 
repeated  the  experiment  with  odorous  and  coloured  substances,  but 
without  ever  being  able  to  detect  them  in  the  mesenteric  veins. 
It  may  be  remarked,  also,  that  Musgrave,  Lister,  Blumxnbach, 
Seiur  and  Ficinus  assert,  that  they  have  detected  substances  in 
the  ehyle  of  the  thoracic  duct,  which  had  been  thrown  into  the 
intestines  of  animals.  The  experiments  of  Hunter,  however, 
are  those,  on  which  Uie  supporters  of  this  view  of  the  question 
principally  rely. 

Those  physiologists,  who  believe  in  absorption  of  liquids  by  the 
mesenteric  veins,  invoke  similar  arguments  and  much  more  numer- 
ous experiments.  They  affirm,  that  the  mesenteric  veins,  like 
the  chyliferous  vessels,  have  free  orifices  in  the  cavity  of  the  intes- 
tine, and  form  constituent  portions  of  the  villi ;  whilst  some  of 
them  eonceiveeven  this  arrangement  to  be  unnecessary,  and  that  the 
flaids  can  readily  pass  through  the  coats  of  the  vessels; — that  if  the 
chyliferous  system  is  manifestly  an  absorbent  apparatus,  the  same 
can  be  said  of  the  venous  system; — that  if  the  chyle  Jias  appeared 
to  be  more  fluid  after  much  drink  has  been  taken,  Boerhaave 
affirms,  that  he  has  seen  the  blood  of  the  mesenteric  veins  more 
fluid  under  like  circumstances ;  and,  lastly,  against  the  experi- 
ments of  Hunter,  numerous  others  have  been  adduced,  clearly 
showing,  that  liquids,injected  into  the  intestine,have  been  found  in 
the  mesenteric  veins,  whilst  they  could  not  be  detected  in  the  chy- 
liferous vessels. 

To  the  first  experiment  of  Hunter  it  has  been  objected ; — that 
the  art  of  performing  physiological  experiments  was,  in  his  time, 
imperfect;  and  that,  in  order  to  deduce  any  useful  inferences  from 
it,  we  oiight  to  know,  whether  the  animal  was  fasting  at  the  time 
it  was  opened,  or  whether  digestion  was  going  on ;  that  the  state 
of  the  lymphatics  ought  to  have  been  examined  at  the  commence- 
ment of  the  experiment,  to  see  whether  they  were  full  of  chyle,  or 
empty ;  as  well  as  the  milk,  to  notice  whether  any  changes  had 
supervened,  during  its  stay  in  the  intestine ;  lastly,  that  the  rea- 
sons should  have  been  assigned  for  the  belief  that  the  lacteals  were 
£Ued  with  milk  at  the  end  of  the  experiment,  and  that  it  was  not 
rather  chyle. 

The  experiment,  moreover,  has  been  repeated  several  times  by  ' 
Flanbrin  and  by  Maoendie,— both  of  them  dexterous  experi- 
menters,— ^yet,  in.  no  case,  was  the  milk  found  in  the  chyliferous 
vessels.  This  first  experiment  of  Hunter  cannot,  therefore,  be 
looked  upon  as  satisfactory.  Some  illusion  must  have  occurred, — 
some  source  of  fallacy,— or,  otherwise,  a  repetition  of  the  experi- 
ment should  have  been  attended  with  like  results.  We  shall  find, 
hereafter,  that  in  another  experiment  by  that  distinguished  indi- 
vidual,  a  source  of  illusion  existed,  of  which  he  was  unaware,  but 
which  was  sufficient  to  account  for  the  appearances  he  noticed. 

The  experiments  of  Hunter^  with  the  odorous  and  coloured  sub- 
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Mantes,  have  been  likewise  repeated  by  many  physiologifts;  and 
Iband  to  be  eren  less  conclusive  than  that  with  the  milk. 

YlahdhiN)  who  was  professor  at  the  Veterinary  School  of  Alfort 
in  France,  thought  that,  in  horses,  he  could  detect  an  herbaceous 
odour,  in  the  blood  of  the  mesenteric  veins,  but  not  in  tlie  chyle. 
He  gave  to  a  horse  a  mixture  of  half  a  pound  of  honey  and  the 
same  quantity  of  asafoetida;  and,  whilst  the  smell  of  the  latter  was 
distinctly  perceptible  in  the  venous  blood  of  the  stomach  and  in- 
testine, no  trace  of  it  existed  in  the  arterial  blood  and  chyle*  Sir 
EvERABD  Home,  having  given  the  tincture  of  rhubarb  to  an  ani- 
mal, around  whose  thoracic  duct  he  had  placed  a  ligature,  found  the 
rfanbarb  in  the  bile  and  in  the  urine. 

Maoendib  gave  to  dogs,  whilst  they  were  digesting,  a  quantity 
4>f  alcohol,  diluted  with  water,  and  solutions  of  camphor  or  otbur 
odorous  fluids;  and,  on  examining  the  chyle,  half  an  hour  after- 
wards, he  detected  none  of  these  substances,  whilst  the  blood  in 
the  mesenteric  veins  manifestly  exhaled  the  odour,  and  afforded  the 
matters  by  distillation.  He  gave  to  a  dog  four  ounces  of  a  decoc- 
tion of  rhubarb;  and,  to  another,  six  ounces  of  a  solution  of  the 
prussiate  of  potassa  in  water.  Half  an  hour  afterwards,  no  trace  of 
these  substances  was  detected  in  the  fluid  of  the  thoracic  duct, 
whilst  they  were  contained  in  the  urine.  On  another  dog,  he  tied 
the  thoracic  duct,  and  then  gave  it  two  ounces  of  a  decoction  of 
nux  vomica.  Death  occurred  as  speedily  as  in  another  dog,  in 
which  the  thoracic  duct  was  pervious.  The  result  was  the  same, 
when  the  decoction  was  thrown  into  the  rectum,  where  no  chyli- 
ferous  vessels  exist 

Having  tied  the  pylorus  in  dogs,  and  conveyed  fluids  into  their 
-stomachs,  absorption  took  place  eaually,  and  with  the  same  results. 
Lastly,  with  M.  Delillx  he  performed  the  following  experiment 
on  a  dog,  which  had  been  made  to  eat  a  considerable  quantity  of  meat 
previously,  in  order  that  the  chyliferous  vessels  might  be  easily 
perceived.  An  incision  was  made  in  the  abdominal  parietes;  and 
a  portion  of  the  small  intestine  drawn  out,  on  which  two  ligatures 
were  applied,  at  a  short  distance  from  each  other.  The  lympha- 
tics, which  arose  from  this  portion  of  intestine  were  very  white  and 
apparent  from  the  chyle  that  distended  them.  Two  ligatures  were 
placed  round  each  of  these  vessels;  and  the  vessels  divided  between 
the  ligatures.  Every,  precaution  was  taken,  that  the  portion  of 
intestine,  drawn  out  of  the  abdomen,  should  have  no  connexion 
with  the  rest  of  the  body  by  lymphatic  vessels.  Five  mesenteric 
arteries  and  veins  communicated  with  this  portion  of  the  intestine. 
Four  of  the  arteries  and  as  many  veins  were  tied  and  cut,  in  the 
same  manner  as  the  lymphatics.  The  two  extremities  of  the  por- 
tion of  intestine  were  now  divided,  and  separated  entirely  from 
ihe  rest  of  the  small  intestine.  A  portion  of  small  intestine,  an 
inch  and  a  half  long,  thus  remained  attached  to  the  body  by  a  me- 
senteric artery  and  vein  only. 
These  two  vessels  were  separated  from  each  other  by  a  distance 
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of  four  fingers'  breadth;  and  the  cellular  coat  was  removed  to  ob- 
viate the  objection,  that  lymphatics  might  still  exist  in  it  Two 
ounces  of  a  decoction  of  nux  vomica  were  now  injected  into  this 
portion  of  intestine^  and  a  ligature  was  applied  to  prevent  the  exit 
of  the  injected  liquid.  The  intestine,  surrounded  by  fine  linen, 
was  replaced  in  the  abdomen;  and,  in  six  minutes,  the  effects  of  the 
poison  were  manifested  with  their  ordinary  intensity;  so  that  every 
thing  occurred  as  if  the  intestine  had  been  in  its  natural  condition. 
SsoALAS  performed  a  similar  experiment,  leaving  the  intestine, 
however,  communicating  with  the  rest  of  the  body  by  chyliferous 
vessels  only.  On  injecting  a  solution  of  half  a  drachm  of  the  al- 
coholic extract  of  nux  vomica  into  the  intestine;  the  ix>isoning, 
which,  in  the  experiment  of  Magendie,  took  effect  in  six  minutes, 
bad  not  occurred  at  the  expiration  of  half  an  hour;  but  when  one 
of  the  veins  was  untied  and  the  circulation  re-established,  it  super- 
vened immediately. 

MM.  TisDEMANN  and  Gmslin  likewise  observed  the  absorption 
of  different  colouring  and  odorous  substances  from  the  intestinal 
canal  to  be  effected,  exclusively,  by  the  veins.  Indigo,  madder, 
rhubarb,  cochineal,  litmus,  alkanet,  camboge,  and  verdigris:  musk, 
eamphor,  alcohol,  spirit  of  turpentine,  Dippsl's  animal  oil,  asa- 
foetida  and  garlic,  the  salts  of  lead,  mercury,  iron  and  baryta,  were 
found  in  the  venous  blood,  but  never  in  the  chyle.  The  prussiate 
of  ix>ta8sa  and  sulphate  of  potassa  were  the  only  substances,  which, 
in  their  experiments,  entered  the  chyliferous  vessels. 

Such  are  the  chief  facts  and  considerations,  on  which  the  believers 
in  chyliferous  absorption  exclusively,  and  venous  absorption  ex- 
clusively, rest  their  opinions.  The  strength,  we  think,  is  mani- 
festly with  the  latter.  Let  it  be  home  in  mind,  that  no  sufficient 
experiments  have  been  recently  made,  which  encourage  the  idea, 
that  uiy  thing  is  taken  up  by  the  chyliferous  vessels  except  chyle; 
mnd  that  nearly  all  are  in  favour  of  absorption  by  the  mesenteric 
veins.  An  exception  to  this,  as  regards  the  chyliferous  vessels, 
seems  to  exist  in  the  case  of  certain  salts.  The  prussiate  and  the 
sulphate  of  potassa  were  detected  in  the  thoracic  duct  by  MM. 
TiEnxM AHN  and  Gmelin;  the  sulphate  of  iron  and  the  prussiate 
of  potassa  by  Messrs.  Harlan,  Lawrence  and  Coates  of  Phila- 
delphia; and  the  last  of  these  salts  by  Dr.  Macneven  of  New  York^ 
**I  triturated'^  says  Dr.  Macneven  "one  drachm  of  crystallized 
hydrocyanate  of  ix>tas8a  with  fresh  butter  and  crumbs  of  bread, 
which  being  made  into  a  bolus,  the  same  dogswallowed  and  re- 
tained. Between  three  and  four  hours  after.  Dr.  Anderson  bled 
him  largely  firom  the  jugular  vein.  A  dose  of  hydrocyanic  acid 
was  then  administered  of  which  he  died  without  pain,  and  the  ab- 
domen was  kid  open.  The  lacteals  and  thoracic  duct  were  seen 
well  filled  with  milk-white  chyle.  On  scratching  the  receptacu- 
lum,  and  pressing  down  on  the  duct,  nearly  half  a  tea-spoonful  of 
ehyle  was  collected.    Into  this  were  let  fall  a  couple  of  drops  of 


22  ABSORPTION. 

the  solution  of  permuriate  of  iron,  and  a  deep  blue  was  the  imme- 
diate consequence." 

These  very.exceptions  are  strikingly  corroborative  of  the  rule. 
Of  the  various  salts  employed  these  alone  appear  to  have  been  de- 
tected in  the  chyle  of  the  thoracic  duct  It  is,  therefore,  legiti- 
mately presumable,  that  they  entered  adventitiously,  and  probably 
by^simple  mechanical  imbibition; — the  mode  in  which  venous  ab- 
sorption seems  to  be  effected. 

The  property  of  imbibition,  possessed  by  animal  tissues,  has  al- 
ready been  the  subject  of  remark.  It  was  then  shown,  tJiat  they 
are  not  all  equally  penetrable;  and  that  different  fluids  possess  dif- 
ferent penetrative  powers.  This  view  is  confirmed  by  the  experi- 
ments of  TiEDEMANN  and  Gmelin  on  the  subject  engaging  us. 
Although  various  substances  were  placed  in  the  same  part  of  the 
Intestinal  canal,  they  were  not  all  detected  in  the  blood  of  the 
same  vessels.  Indigo  and  rhubarb,  for  example,  were  found  in  the 
blood  of  the  vena  portaB.  Camphor,  musk,  spirit  of  wine,  spirit  of 
turpentine,  oil  of  Dippel,  asafo&tida,  garlic,  not  in  the  blood  of  the 
intestines,  but  in  that  of  the  spleen  and  mesentery;  the  prussiates 
of  iron,  lead  and  potassa  in  that  of  the  veins  of  the  mesentery; 
those  of  potassa,  iron  and  baryta  in  that  of  the  spleen ;  the  prus- 
siate  of  potassa  and  the  sulphates  of  potassa,  iron,  lead  and  baryta 
in  the  vena  portae  as  well  as  in  the  urine;  whilst  madder  and  cam- 
bo^  appear  to  have  been  found  in  the  latter  fluid  only. 

The  evidence,  in  favour  of  the  action  of  the  chyliferous  vessels 
being  restricted  to  the  absorption  of  chyle;  whilst  the  intestinal 
veins  take  up  other  matters,  is  not,  however,  considered  by  some 
as  decisive  as  it  is  by  us.  Adelon,  for  example,  concludes,  that 
as  the  sectators,  on  both  sides,  employ  absolutely  the  same  ar- 
guments, we  are  compelled  to  admit,  that  the  two  vascular  systems 
are  under  exactly  similar  conditions;  and  that  both,  consequently, 
participate  in  the  function.  We  have  seen,  that  whatever  may  be 
the  similarity  of  the  arguments,  the  facts  are  certainly  not  equal. 

It  is  proper,  however,  to  remark,  that  all  analysts  of  recent 
times  have  found  great  difficulty  in  detecting  inorganic  substances 
when  mixed  with  certain  of  the  compounds  of  organization;  and 
this  may  account  for  substances  not  having  been  detected  in  the 
thoracic  duct,  even  when  they  have  been  present  there. 

With  regard  to  the  mode  in  which  the  absorption  of  fluids  is  ef- 
fected, a  difference  of  opinion  has  existed,  chiefly  as  regards  tJie 
question, — whether  any  vital  elaboration  is  concerned,  as  in  the 
case  of  the  chyle,  or  whether  the  fluid,  when  it  attains  the  interior 
of  the  vessel,  is  the  same  as  without.  The  arguments  in  favour 
of  these  different  views,  will  be  detailed  under  the  head  of  venous 
absorption.  We  may  merely  observe,  at  present,  that  water, — the 
chief  constituent  of  all  drinks,— is  an  essential  component  of  every 
circulating  fluid;  that  we  have  no  positive  evidence,  that  any  ac- 
tion of  elaboration  is  exerted  upon  it;  and  that  the  ingenious  and 
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satisiiactory  experiments  of  Dr.  J.  E.  Mitchell,  of  Philadelphia, 
have  shown,  that  it  penetrates  most,  if  not  all,  animal  tissues  bet- 
ter than  any  other  liquid  whatever;  and,  consequently,  passes 
through  them  to  accumulate  in  any  of  its  own  solutions.  It  is  pro- 
bably in  this  way, — that  is,  by  imbibition, — that  all  venous*absorp- 
lions  are  effected ;  and,  hence,  we  account  for  the  rapid  disappear- 
ance of  drinks  received  into  the  stomach,  in  hot  climates  and  sea- 
sons especially,  when  the  watery  portions  of  thej^lood  have  been 
largely  exhaled  by  transpiration. 

Sut,  it  has  been  said,  if  fluids  pass  so  readily  through  the  Coats  of 
the  veins; — by  reason  of  the^xtensive  mucous  surface,  with  which 
they  come  in  contact,  a  large  quantity  of  extraneous  and  hetero- 
geneous fluid  must  enter  into  the  abdominal  venous  system,  when 
we  drink  freely;  and  the  composition  of  the  blood  be  consequently 
modified;  and  if  it  should  arrive,  in  this  condition,  at  the  heart, 
the  most  serious  consequences  might  result  It  has,  indeed,  been 
affirmed  by  a  distinguished  ornament  of  his  profession,  in  this 
country,  in  a  more  ingenious  than  forcible  argument  to  support 
a  long-cherished  hypothesis,  that  ^^  it  must  at  least  be  acknow- 
ledged, that  no  substance,  in  its  active  state,  does  reach  the  circu- 
lation, since  it  is  shown,  that  a  small  portion,  even  of  the  mildest 
fluid,  as  milk  or  mucilage,  oil  or  pus,  cannot  be  injected  into  the 
blood-vessels,  without  occasioning  the  most  fatal  consequences.'' 
The  effects  are  greatly  dependent  upon  the  mode  in  which 
the  injection  is  made.  If  a  scruple  of  bile  be  sent  forcibly  Into 
the  crural  vein,  the  animal  will  generally  perish  in  a  few  mo- 
ments. The  same  occurs,  if  a  small  quantity  of  atmospheric  air  be 
rapidly  introduced  into  the  same  vessel.  The  animal,  indeed,  ac- 
cording to  Sir  Charles  Bell,  dies  in  an  instant,  when  a  very  lit- 
tle air  is  blown  into  the  veins  ;i — and  there  is  no  suffering  nor 
struggle,  nor  any  stage  of  transition,  so  immediately  does  the  still- 
ness of  death  take  possession  of  every  part  of  the  frame.  In  this 
way,  according  to  Larrey  and  Dupuytren,  wounds  in  the  neck 
sometimes  prove  fatal; — the  air  being  drawn  in  by  the  veins. 
If,  however,  the  same  quantity  of  bile  or  of  atmospheric  air  be 
injected  into  one  of  the  branches  of  the  vena  portae,  no  apparent 
inconvenience  is  sustained.  Maoendie  concludes,  from  this  fact, 
that  the  bile  and  atmospheric  air,  in  their  passage  through  the  my- 
riads of  small  vessels,  into  which  the  vena  portae  divides  and  sub- 
divides in  the  substance  of  the  liver,  become  thoroughly  mixed 
with  the  blood,  and  thus  arrive  at  the  vital  organs  in  a  condition 
to  be  unproductive  of  mischief. 

This  view  is  rendered  the  more  probable  by  the  fact,  that  if  the 
same  quantity  of  bile  or  of  air  be  injected  very  slowly  into  the 
crural  vein,  no  perceptible  inconvenience  is  sustained. 

As  liquids  are  frequently  passed  off  by  the  urinary  organs  soon 
after  they  have  been  taken,  it  has  been  believed  by  some, — either 
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that  there  are  veaselsy  which  form  a  direct  communicatioii  between 
the  stomach  and  bladder ;  or  that  a  tranaudatioii  takes  place  through 
the  parietes  of  the  stomach  and  intestine^  and  that  the  fluids  pro- 
ceed through  the  intermediate  cellular  tissue  to  the  bladder.  Both 
these  Tiews^  we  shall  hereafter  show  to  be  devoid  of  foundation. 

The  digestiye  absorption  of  solids  and  liquids  forms  a  part  only 
of  the  nutriiive^bsorptionj  and  that  which  has  been  termed  the 
external.  There  are  also  internal  nutritive  absorptions,  which 
require  equal  consideration.  These  are  the  interstitial  or  decom- 
posing  absorption  or  absorption  of  solids; — the  absorption  qf 
recrementitial  secreted  fluids;  and  the  absorption  of  certain  parts 
of  the  excrementitial. 

The  first  of  thesci  or  the  absorption  of  solids,  forms  a  part  of 
the  function  of  nutritioui  and  will  be  considered  under  that  head. 
It  is  by  virtue  of  this  variety  of  absorption,  that  the  growth  of  the 
body  is  kept  within  due  bounds;  and  that  tumours  of  various 
kinds  are  made  to  disappear. 

The  absorption  of  recrementitial  secretions  keeps  those  fluids 
in  the  proper  quantity,  which  are  poured  out  in  various  parts  of 
the  body,  and  are  inservient  to  useful  purposes.  Without  a  due  ac- 
tion on  the  part  of  the  absorbents,  accumulation  of  those  fluids 
would  take  place,  followed  by  serious  consequences.  By  this  kind 
of  absorption — all  the  serous  fluids,  the  synovia,  the  fat,  the  mar- 
row and  medullary  fluid;  the  colouring  humours  of  the  iris,  uvea, 
choroid  and  skin ;  the  humours  of  the  eye,  the  liquor  of  Cotuoho, 
&c.  &c.  are  taken  up  in  order  that  fresh  particles  may  be  deposit- 
ed. Some  of  them,  as  the  fat,  may  perhaps  be  regarded  as  truly 
nutritive ;  constituting  a  provision,  to  which  recourse  may  be  had 
in  time  of  need. 

The  last  variety, — At  absorptionof  excrementitial secretionsy — 
applies  only  to  a  part  of  the  secreted  fluids.  It  is  efiected  whilst 
they  are  passing  over  the  excretory  passages,  and  consists  chiefly 
perhaps  in  the  absorption  of  the  water  they  contain,  whilst  they 
remain  in  contact  with  the  absorbents  of  the  canaL  To  this  kind 
of  absorption  all  the  excretory  fluids  are  subjected. 

The  two  first  of  these  absorptions  belong  to  what  have  been 
termed  internal  absorptions.  They  difier  from  the  digestive  ab- 
sorptions, that  have  engaged  our  attention,  in  the  circumstance,  that 
the  chyliferous  vessels  cannot,  of  necessity,  be  the  absorbing  agents. 
The  question  is,  here,  between  the  lymphatics  and  veins;  and, 
before  we  consider  to  which  the  function  must  be  assigned,  it  may 
be  well  to  inquire  into  the  structure  of  the  lymphatics,  and  into 
the  nature  and  course  of  the  fluid  that  circulates  within  them, — the 
lymph. 
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Sect.  II.  OF  THE  ABSORPTION  OP  LYMPH. 

This  function  is  effected  by  agents^  which  strongly  resemble ' 
those  concerned  in  the  absorption  of  the  chyle.     One  part  of  the 
▼aseokr  apparatus  is,  indeed,  common  to  both, — the  thoracic  duct. 
We  are  much  less  acquainted,  however,  with  the  physiology  of 
lymphatic,  than  of  chyHferous,  absorption, 

Anatomy  of  the  Lymphatic  •Spparattc^. 

The  lymphatic  apparatus  consists  of  lymphatic  vessels,  lympha-^ 
tic  glands  or  ganglia,  and  thoracic  duct.  The  latter,  however,  does 
not  form  the  medium  of  communication  between  all  the  lymphatic 
vessels  and  the  venous  system. 

1.  Lymphatic  vessels. — These  vessels  exist  in  almost  all  parts 
of  the  body;  and,  when  they  become  visible,  have  the  shape  of  cy^ 
lindricaJ,  transparent,  membranous  tubes,  of  small  size,  and  anas« 
tomosing  freely  with  each  other,  so  as  to  present,  every  where,  a 
reticular  arrangement  They  are  exlremely  numerous ;  more  so, 
however,  in  certain  parts  than  in  others.  They  have  not  yet  been 
found  in  the  brain,  spinal  marrow,  eye,  internal  ear,  &c.;  but  this 
is  no  proof  that  they  do  not  exist  there.  It  may  be  merely  an  evi- 
dence  that  they  are  so  minute  as  to  escape  observation. 

In  their  progress  towards  the  venous  system,  they  go  on  form- 
ing fewer  and  fewer  trunks;  yet  they  always  remain  small.  This 
uniformity  in  size  is  peculiar  to  them.  When  an  artery  sends  off 
a  branch,  its  size  is  sensibly  diminished;  and  when  a  vein  receives 
a  branch,  it  is  enlarged;  but  when  a  lymphatic  ramifies,  there  is, 
generally,  little  change  c^  size,  whether  the  branch,  given  off,  be 
large  or  small. 

The  lymphatics  consist  of  two  planes, — the  one  superfidalf  the 
other  deep^eated.  The  former  creeps  under  the  outer  covering  of 
the  organ,  or  of  the  skin,  and  accompanies  the  subcutaneous  veins. 
The  latter  is  seated  more  deeply  in  the  interstices  of  the  muscles^ 
or  even  in  the  tissue  of  parts,  and  accompanies  the  nerves  and 
great  vessels.  These  planes  anastomose  with  each  other.  This  ar- 
rangement occurs  not  only  in  the  limbs,  but  in  the  trunk,  and  in 
every  viscus.  In  the  trunk,  the  superficial  plane  is  seated  beneath 
the  skin;  and  the  deep-seated  between  the  muscles  and  the  serous 
membrane  that  lines  the  splanchnic  cavities.  In  the  viscera,  one 
plane  occupies  the  surface,  the  other  appears  to  arise  from  Uie  pa- 
renchyma. 

The  two  great  trunks  of  the  lymphatic  system^  in  which  the 
lymphatic  vessels  of  the  various  parts  of  the  body  terminate,  are 
the  thoracic  duct,  and  the  great  lymphatic  trunk  of  the  right  side. 
The  course  of  the  thoracic  duct  lias  already  been  described.    It  it 
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formed  of  three  great  vessels; — one,  ia  which  all  the  lymphatics 
and  lacteals  of  the  intestiDes  terminate;  and  the  other  two,  formed 
by  the  union  of  the  lymphatics  of  the  lower  half  of  the  body.  Oc- 
casionally! the  duct  consists  of  several  trunks,  which  ttnite  into 
one  before  reaching  the  subclavian  vein ;  but  more  frequently  it  is 
double.  In  addition  to  the  lymphatics  of  the  lower  half  of  the  body, 
the  thoracic  duct  receives  a  sreat  part  of  those  of  the  thorax,  and 
all  those  from  the  left  half  of  the  upper  part  of  the  body.  At  its 
termination  in  the  subclavian,  there  is  a  valve,  so  disposed  as  to 
allow  the  lymph  to  pass  into  the  blood;  and  to  prevent  the  reflux 
of  the  blood  into  the  duct  We  shall  see,  however,  that  its 
mode  of  termination  in  the  venous  system  possesses  other  ad- 
vantages. 

The  other  trunk  is  formed  by  the  absorbents  from  the  right  side  of 
the  head  and  neck,  and  from  the  right  arm.  It  is  very  short,  be- 
ing little  more  than  an  inch,  and  sometimes  not  a  quarter  of  an 
inch,  in  length,  but  of  a  diameter  nearly  as  great  as  the  thoracic 
duet  A  valve  also  exists  at  the  mouth  of  this  trunk,  which  has  a 
similar  arrangement  and  office  with  that  of  the  left  side. 

The  lymphatics  have  been  asserted  to  be  more  numerous  than 
the  veins ;  by  some,  indeed,  the  proportion  has  been  estimated  at 
fourteen  superficial  lymphatics  to  one  superficial  vein;  whence  it 
has  been  deduced,  that  the  capacity  of  the  lymphatic  system  is 
greater  than  that  of  the  venous.  This  must,  of  course,  be  mere 
matter  of  conjecture.  The  same  may  be  said  of  the  speculations, 
that  have  been  indulged  regarding  the  mode  in  which  the  lym* 
phatic  radicles  arise; — whether  by  open  mouths  or  by  some  spongy 
mediate  body.  The  remarks  made,  regarding  the  chylous  radicles, 
apply  with  equal  force  to  the  lymphatic. 

It  has  been  a  matter  of  some  interest  to  determine,  whether  the 
lymphatic  vessels  have  not  other  communications  with  the  venous- 
system  than  by  the  two  trunks  just  described;  or,  whether,  soon 
after  their  oKgin,  they  do  not  open  into  the  neighbouring  veins; 
— an  opinion,  which  has  been  enunciated  by  many  of  those  who 
believe  in  the  doctrine  of  absorption  by  the  lymphatics  exclusively, 
in  order  to  explain  why  absorbed  matters  are  found  in  the  veins. 
Many  of  the  older,  as  well  as  more  modern,  anatomists  have  pro- 
fessed a  similar  opinion. 

ViEUssENs  afiSrmed,  that,  by  means  of  injections,  lymphatic 
vessels  were  distinctly  seen  to  originate  from  the  minute  arteries, 
and  to  terminate  in  the  small  veins.  Sir  William  Blizard 
asserts,  that  he  twice  observed  lymphatics  terminating  directly  in 
the  iliac  veins.  Mr.  Bract  Clarke  found  the  trunk  of  the  lym- 
phatic system  of  the  horse  to  have  several  openings  into  the  lum- 
bar veins.  Rises,  by  injecting  the  supra-hepatic  veins,  saw  the 
substance  of  the  injection  enter  the  superficial  l3rmphatics  of  the 
liver.  Alard  considers  the  lymphatic  and  venous  systems  to  com- 
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mumcate  at  their  origiDS.  Vinc.  Fohmann,  that  the  lymphatic 
vessels  communicate  directly  with  the  veins,  not  only  in  the  ca- 
pillaries, but  in  the  interior  of  the  lymphatic  glands.  Lauth,  of 
Strasbourg, — ^who  went  to  Heidelberg  to  learn  from  Fohmann  his 
plan  of  injecting, — ^announced  the  same  facts  in  1824. 

By  this  anatomical  arrangement,  Lauth  explains  how  an  injec- 
tion, sent  into  the  arteries,  reaches  the  lymphatics,  without  being 
effused  into  the  cellular  tissue;  the  injection  passing  from  the  ar- 
teries into  the  veins,  and  thence,  by  a  retrograde  route,  into  the 
lymphatics.  Beclard  believed,  that  this  communication  exists  at 
least  in  the  interior  of  the  lymphatic  glands;  and  he  supported  his 
opinion  by  the  fact,  that  in  birds,  in  which  these^  glands  are  want- 
ing, and  are  replaced  by  plexuses,  the  lymphatic  vessels  in  these 
plexuses  are  distinctly  seen  to  open  into  the  veins.  Lastly,  in  1825, 
RsooLO  Lippi,  of  Florence,  in  his  Ulustrazioni  Fiziologicht 
e  Pattiologice  del  Sistema  Linfatico-chyliferoy  has  made  these 
«ommum'cations  the  express  subject  of  his  work.  According  to  him, 
the  most  numerous  exist  between  the  lymphatic  vessels  of  the  ab- 
domen and  the  v^na  cava  inferior  and  all  its  branches.  So  numer- 
ous are  they,  that  every  vein,  according  to  him,  receives  a  lym- 
phatic vessel,  and  the  sum  of  all  those  vessels  would  be  sufficient 
to  form  several  thoracic  ducts.  Opposite  the  second  and  third 
lumbar  vertebrae,  these  lymphatic  vessels  are  manifestly  divided 
into  two  orders ; — some  ascending,  and  emptying  themselves  into 
the  thoracic  duct;  others  descending  and  opening  into  tlie  renal 
vessels  and  pelves  of  the  kidneys. 

Lippi  admits  the  same  arrangement,  as  regards  the  chyliferous 
vessels;  and  he  adopts  it  to  explain  the  promptitude  with  which 
drinks  are  evacuated  by  the  urine. 

Subsequent  researches  do  not  seem  to  have  confirmed  the  state- 
ments of  Lippi.  G.  Rossi,  indeed,  in  Omodei's  Jlnnals  for  Janu- 
ary^ 1826,  maintains,  that  the  vessels,  which  Lippi  had  taken  for 
lymphatics^  were  veins.    The  question  is  still  sub  lite. 

Maoendii:  conceives  the  most  plausible  view  regarding  the 
lymphatics  to  be:— that  they  arise  by  extremely  fine  roots  in  the 
aub^nce  of  the  membranes  and  cellular  tissue,  and  in  the  paren- 
chyma of  organs,  where  they  appear  continuous  with  the  final  ar- 
terial ramifications,  as  it  frequently  happens,  that  an  injection,  sent 
into  an  artery,  will  pass  into  the  lymphatics  of  the  part  to  which  it 
is  distributed. 

The  structure  of  the  lymphatic  vessels  is  the  same  as  that  of  the 
lacteals.  They  have  the  same  number  and  character  of  coats,  the 
same  crescentic  valves,  occurring  in  pairs,  and  giving  them  the 
knotted  and  irregular  appearance,  for  which  they  are  remarkable ; 
—every  contraction  indicating  the  presence  of  a  pair  of  valves. 
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Id  miiD,  each  lymphatic,  before  reaching  the  venous  syateot, 
paaea    through    a    lymphatic  gland  or 
Fig.  09.  ganglion;   formerly   called  a  conglobate 

gland.  These  organs  are  extremely  numer- 
ous ;  and  in  shape,  structure,  and  probably 
in  function,  entirely  resemble  the  mesente- 
ric glands.  Tliey,  therefore,  do  not  demand 
any  distinct  notice.  They  exist  more  parti- 
cularly in  the  axillse,  neck,  in  the  neigh- 
bourhood of  the  lotver  jaw,  beneath  the 
skin  of  the  nape  of  the  neck,  in  the  groins, 
and  in  the  pelvis — in  the  neighbourhood  of 
the  great  vessels.  The  connexion  between 
the  lymphatic  vessels  end  those  glands  is 
exactly  analogous  to  that  between  the  chy- 
liferous  vessels  and  the  mesenteric  glands. 

Chaqbsuer  iDcludea,  in  the  lymphatic 
system,  certain  organs,  whose  uses  in  the 
economy  are  not  manifest, — the  thymus 
gland,  Uie  thyroid  gland,  the  supra-renal 
capsules,  and  perhaps  the  spleen.  These  he 
considers  as  varieties  of  the  same  specie^ 
under  the  name  glandiform  ganglions. 

The  thymus  gland  is  a  body,  consisting 
of  distinct  lobes,  situated  st  the  upper  and 
anterior  part  of  the  thorax,  behind  the  ster- 
num. It  belongs  more  particularly  to  foetal 
existence,  and  will  be  investigated  here- 
after. 

The  thyroid  gland  is,  also,  a  lobular  or- 
gan, situated  at  the  anterior  part  of  the  neck, 
beneath  the  skin  and  some   subcutaneons 
muscles,  and  resting  upon  the  anterior  and 
t^lli^:^3!^S^S^i'J^  inferior  part  of  the  larynx,  and  the  first 
*,».Lmphuiti^BdLTheui»wmriDi>g  of  the  trachea.     It  is  formed  of  lobes, 

iodioitt  UK  dimnoa  m  which  ibe      ,?  ,         ,,..,.  .11  ,  . 

(bTktHa.  which  subdivide  mto  lobules  and  granula; 

has  a  red  and  sometimes  a  yellow  colour;  and  presents,  internally, 
vesicles,  filled  with  a  6uid,  which  is  viscid  and  colourless  or  yel- 
lowish. It  has  no  excretory  duct;  and,  consequently,  it  ia  difficult 
to  discover  its  use.  It  is  larger  in  the  fcetus  than  in  the  adult;  and 
has,  therefore,  been  supposed  to  be,  in  some  way,  inservient  to 
fatal  existence.  It  eontinuea,  however,  through  life,  receives  large 
arteries,  as  well  as  a  number  of  nerves  and  lymphatics,  and  hence, 
it  has  been  supposed,  fills  some  important  office  through  the  whole 
of  existence.    This,  however,  is  all  conjecture. 

The  thyroid  gland  is  the  seat  of  goitre  or  hronchacele,  the 
twetled  neck,  Derbyshire  neck,  papas,  &c.  as  it  has  ^>een  termed 
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IB  diffeTeht  quarters  of  the  globe, — a  singular  affection,  which  is 
common  at  the  base  of  lofty  mountains  in  every  part  of  the  world; 
and,  in  the  cure  of  which,  we  have  a  valuable  remedy  in  the 
iodine.  The  sorbefacient  property  of  this  drug  is  particularly  exert- 
ed on  the  thyroid  gland  and  on  the  mammae;  and  it  affords  us  an  ad- 
ditional instance,  to  the  many  already  known,  of  remedial  agents, 
not  only  exerting  their  properties  upon  a  particular  system,  but 
even  upon  a  small  part  of  such  system,  without  our  being  able, 
in  the  slightest  degree,  to  account  for  the  preference.  The  iodine 
stimulates  the  absorbent  vessels  of  the  gland  to  augmented  action; 
and  the  consequence  is,  the  absorption  of  the  morbid  deposit 

Lastly,  the  supra-renal  or  atrabiliary  capsules  or  glandsy  are 
small  bodies  in  the  abdomen,  without  the  peritoneum,  and  above 
eaeh  kidney.  The  arteries,  distributed  to  them,  are  large ;  and  the 
glands  themselves  are  larger  in  the  fo&tus  than  in  the  adult  They, 
likewise,  remain  during  life.  These  bodies  consist  of  small  sacs 
with  thick,  parenchymatous  parietes;  are  lobular  and  granular; 
the  internal  cavity  being  filled  with  a  viscid  fluid,  which  is  reddish 
in  the  foetus,  yellow  in  childhood,  and  brown  in  old  age. 

With  their  uses  we  are  totally  unacquainted.  By  the  ancients, 
they  were  believed  to  be  the  secretory  organs  of  the  imaginary 
atrabilis ;  and  hence  their  name. 

Lymph  may  be  procured  in  two  ways,  either  by  opening  a  lym- 
phatic vessel,  and  collecting  the  fluid,  that  issues  from  it, — but  this 
is  an  uncertain  method,— or  by  making  an  animal  fast  for  four  or 
five  days,  and  then  obtaining  the  fluid  from  the  thoracic  duct  This 
has  been  considered  pure  lymph ;  but  it  is  obvious,  that  it  must  be 
mixed  wiUi  the  product  of  the  digestion  of  the  different  secretions 
from  the  part  of  the  digestive  tube  above  the  origin  of  the  chyli- 
ferous  vessels. 

The  fluid,  thus  obtained,  is  of  a  rosy,  slightly  opaline  tint,  of  a 
marked  spermatic  smell,  and  saline  taste.  At  times,  it  is  of  a  de- 
cidedly yellowish  colour;  and,  at  others,  of  a  madder  red ;  circum- 
stances^ which  may  have  given  occasion  to  erroneous  inferences, 
in  experiments,  made  on  the  absorption  of  colouring  matters.  Its 
specific  gravity  is^  to  that  of  distilled  water,  as  1022.28  to  1000.00. 
Its  colour  is  affirmed  to  be  more  rosy,  in  proportion  to  the  length 
of  time  the  animal  has  fasted.  When  examined  by  the  microscope, 
it  exhibits  globules  like  those  of  the  chyle;  and,  like  the  chyle, 
bears  considerable  analogy,  in  its  chymical  composition,  to  the 
blood.  When  left  at  rest,  it  separates  into  two  portions; — ^the  one, 
a  liqaid^  nearly  like  the  serum  of  the  blood ;  and  the  other  a  coa- 
gnlum  or  clot  of  a  deeper  rosy  hue;  in  which  a  multitude  of  reddish 
filaments  appear,  disposed  in  an  arborescent  manner ;  and,  in  ap- 
pearance, very  analogous  to  the  vessels,  which  are  distributed  in 
the  tissne  of  die  organs. 

When  a  portion  of  coagulated  lymph  is  examined,  it  seems  to 
consist  of  two  parts;~the  one,  which  is  solid^  formed  of  numerous 
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cells  containing  the  other  or  more  liquid  part;  and,  if  the  solid  por- 
tion be  separated,  the  latter  coagulates. 

Mr.  Brande  collected  the  lymph  from  the  thoracic  duct  of  an 
animal,  which  had  been  kept  without  food  for  twenty-four  hours. 
He  found  its  chief  constituent  to  be  water;  besides  which,  it  con- 
tained muriate  of  soda  and  albumen ; — the  latter  being  in  such  mi- 
nute quantity,  that  it  coagulated  only  by  the  action  of  galvanism. 
The  lymph  of  a  dog  yielded  to  Chevreul,  water,  926.4;  fibrine, 
4.2;  albumen,  61.0;  muriate  of  soda,  6.1 ;  carbonate  of  soda,  1.8; 
phosphate  of  lime,  phosphate  of  magnesia,  and  carbonate  of  lime, 
0.5. 

It  is  impossible  to  estimate  the  quantity  of  lymph  contained  in 
the  body.  It  would  seem,  however,  that  notwithstanding  the  great 
capacity  of  the  lymphatic  vessels,  there  is,  under  ordinary  circum- 
stances, but  little  fluid  circulating  in  them.  Frequently,  when  ex- 
amined, they  have  appeared  empty,  or  pervaded  by  a  mere  thread 
of  lymph.  M AOENDiE  endeavoiired  to  obtain  the  whole  of  the 
lymph  from  a  dog  of  large  stature.  He  could  collect  but  an  ounce 
and  a  half;  and  it  appeared  to  him,  that  the  quantity  increased, 
v^henever  the  animal  was  kept  fasting ;  but  on  this  point  he  does 
not  seem  to  express  himself  positively. 

Physiology  of  Lymphosis. 

The  term  lymphosis  has  been  proposed  by  Chaussier  for  the  ac- 
tion of  elaboration,  by  which  lymph  is  formed;  as  chylosishzs  been, 
for  the  formation  of  chyle;  and  hsematosiSy  for  that  of  the  blood.  In 
describing  the  organs,  concerned  in  this  function,  the  striking  si- 
milarity, we  might  almost  say,  identity,  in  structure  and  arrange- 
ment between  them  and  the  chyliferous  organs,  will  have  been  ap- 
parent A  part,  indeed,  of  the  vascular  apparatus  is  common  to 
both;  and  they  manifestly  constitute  one  and  the  same  system; 
This  would  be  sufiScient  to  induce  us  to  assign  them  similar  func- 
tions; and  it  would  require  powerful  and  positive  testimony  to  es- 
tablish an  opposite  view.  At  one  period,  the  lymph  was  consi- 
dered to  be  simply  the  watery  portion  of  the  blood;  and  the  lym- 
phatic vessels  were  regarded  as  the  mere  continuation  of  the  ulti- 
mate arterial  ramifications.  It  was  affirmed,  that  the  blood  on 
reaching  the  final  arterial  branches,  separated  into  two  parts;  the 
red  and  thicker  portion  returning  to  the  heart  by  the  veins;  and  the 
white,  serous  portion  passing  by  the  lymphatics.  The  reasons  for 
this  belief  were,  the  great  resemblance  between  the  lymph  and 
serum  of  the  blood;  and  the  facility  with  which  an  injection  passes, 
in  the  dead  body,  from  the  arterial,  into  the  lymphatic,  capillary 
vessels.  Magendie  has  revived  the  ancient  doctrine ;  and,  of  con- 
sequence, no  longer  considers  the  lymphatics  to  form  part  of  the  ab- 
sorbent system;  but  to  belong  to  the  circulatory  apparatus,  and  to 
serve,  as  we  shall  see,  the  office  of  waste  pipes,  in  cases  of  emer- 
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geaey.  'Without  canvasaing  this  subject,  now,  we  may  aHume  it 
for  granted,  that  the  lymph,  which  circulates  in  the  lymphatic  ves- 
kIb,  is  identical  in  its  nature,  or  as  little  subject  to  alteration  an  the 
chyle ;  and  that,  consequently,  whatever  may  be  the  materials,  that 
constitute  it,  an  action  of  elaboration  and  selection  must  be  exerted 
in  its  formation. 

That  it  strongly  resembles  the  blood  is  no  evidence  of  its  being 
fonned  from  that  fluid;  the  chyle,  which  it  resembles  even  more 
than  it  doea  the  blood,  is  procured  from  materials  differing  largely 
from  its  own  nature;  more,  indeed,  than  any  of  the  substances, 
whence  the  lymph  is  farmed,  differ  from  that  fluid. 

Assuming,  for  the  present,  that  the  lymph  is  obtained  from  ma- 
terials already  deposited  in  the  body;  the  next  inquiry  is; — into 
the  mode  in  which  the  separation  and  simultaneous  absorption  are 
effected.  On  this  topic,  we  have  no  additional  arguments  to  em- 
ploy to  those  adduced,  regarding  the  function  of  the  chyliferoua 
radicles.  In  every  respect  they  are  identically  situated;  and  to 
their  history  we  refer  for  an  exposition  of  how  little  we  know  of 
this  part  of  lymphosis. 

The  causes  of  the  progression  of  the  lymph  in  the  vessels  are 
the  same,  also,  as  those  (hat  influence  the  chyle.  In  addition,  how- 
ever, to  those  mentioned  under  chyliferous  absorption,  there  is 
one,  which  applies  equally  to  chyliferous  and  lymphatic  vessels; 
and  arises  from  the  mode,  in  which  the  thoracic  duct  enters  the 
sobclavian  vein.     It  has  been  already  observed,  that  this  occurs  at 
the  point  of  junc- 
tion between  the  Fig.  100. 
jugular  and  sub- 
clavian, as  at  D, 
Fig.  100,  where 
J  represents  the 
jugular;  and  V  S, 
the  8ubcIaviaD,in 
which  the  blood 
flows  from  V  to- 
wards S,  the  car- 
diac   extremity. 

Now  it  is  a  ' 
physical  fact,  that 
when  a  small  , 
tube  is  insert- 
ed perpendicu- 
larly into  the 
lower  side  of  a 
borizontal  coni- 
cal pipe,  in  which  the  water  is  flowing  from  the  narrower  to  the 
wider  portion;  and  if  the  small  vertical  tube  be  made  to  dip  into 
a  Tesael  of  water>  not  only  will  the  water  of  the  larger  pipe  not 
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descend  into  the  veMel;  but  it  will  actually  draw  up  the  watar 
through  the  small  tube,  so  as  to  empty  the  yessel.  Instead  of  aup^ 
posing  tiie  canals  in  Fig.  100,  to  be  veins  and  the  thoracic  ductf 
let  us  presume,  that  they  are  rigid  mechanical  tubes;  and  that  the 
extremity  of  the  tube  D,  which  represents  the  thoracic  duct,  dips 
into  the  vessel  B.  As  the  fluids,  proceeding  from  J  to  S  and  from 
y  to  S  are  passing  from  the  narrower  portions  of  conical  tubes  to 
wider,  it  follows,  that  the  fluid  will  be  drawn  out  of  the  vessel  B, 
simply  by  traction,  or,  by  what  Vbktitri  terms,  the  lateral 
communication  of  fluids.  This  would  happen  in  whatever  part 
of  the  vessel  the  tube  B  D  terminated.  But  its  insertion  at  D  ha» 
another  advantage.  By  the  mode  in  which  the  current,  from  J  to* 
wards  S,  unites  with  that  from  V  towards  S,  a  certain  degree  of 
diminished  pressure  must  exist  at  D;  so  that  the  atmospheric  pres- 
sure, on  the  surface  of  the  water,  in  the  vessel  B,  will  likewise  be 
exerted  in  propelling  it  forwards.  In  the  progress  of  the  chyle  and 
lymph,  then,  sdong  Uie  thoracic  duct,  not  only  may'the  attraction 
of  the  more  forcible  stream  along  the  veins  draw  the  fluid  in  the 
thoracic  duct  along  with  it,  but,  owing  to  the  diminished  pressure 
at  the  mouth  of  the  duct,  atmospheric  pressure  may  have  some^ 
although  probably  but  little  influence,  in  forcing  the  chyle  and 
lymph  from  the  chyliferous  and  lymphatic  radicles  onwards.  The 
lymphatic  glands  have  been  looked  upon  as  small  hearts  for  the 
propulsion  of  the  lymph ;  and  Malfighi  accounts  for  the  greater 
number  in  the  groin  in  this  way; — the  lymph  having  to  ascend  to 
the  thoracic  duct  against  its  own  gravity:  this  appears,  also,  to  have 
been  somewhat  the  opinion  of  BicHAT.There  seems,  however,  to  be 
nothing  in  their  structure,  which  should  lead  to  this  belief;  and, 
if  not  muscular  or  contractile,  it  is  manifest,  that  their  number 
must  have  the  efiect  of  retarding  rather  than  of  accelerating  the 
flow  of  the  lymph.  The  most  prevalent  sentiment  is,  that  they  are 
somehow  concerned  in  the  admixture  of  the  lymph;  and  by  many 
it  is  conceived,  that  some  kind  of  elaboration  is  efiected  by  them; 
but,  on  this  topic,  we  have  only  conjectures  for  our  guidance.  Of 
their  true  functions  we  know  nothing  definite. 

On  the  subject  of  the  moving  powers  of  the  lymph,  Adelon  haa 
judiciously  remarked,  that  if  we  admit  the  lymph  to  be  the  serous 
portion  of  the  blood,  and  that  the  lymphatics  are  vessels  of  return, 
as  the  veins  are,  the  heart  might  be  considered  to  have  the  same 
influence  over  lymphatic^  that  it  has  been  presumed  to  have  ovor 
venous,  circulation ;  and  it  is  somewhat  singular,  that  its  action  ha^ 
not  been  invoked  by  those  who  embrace  that  opinion. 

Hereafter,  however,  we  shall  see,  that  even  in  the  circulation  in 
the  veins  the  agency  of  the  heart  can  have  little  or  no  influence. 
Still  less  can  it  be  expected  to  exert  an  influence  over  a  system,  so 
obscurely  connected  with  the  arteries  as  the  lymphatic,  especially 
when  regard  is  paid  to  the  numerous  ganglions,  which  must  have 
the  efl*ect  of  destroying  such  force,  if  exerted. 
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The  coane  of  the  lymph  is  by  no  means  rapid.  If^  a  lymphatic 
Teasel  be  divided^  in  a  living  individual,  the  lymph  oozes  oat 
dowly,  and  never  with  a  jet  Crfikshank  estimated  its  velocity 
along  the  vessels  to  be  four  inches  per  second  or  twenty  feet  per 
minute ;  but  the  data,  for  any  such  evaluation^  are  altogether  ina- 
dequate. 

In  man  and  in  living  animals,  tlie  lymphatics  of  the  limbs,  head, 
and  neck  rarely  contain  lymph ;  their  inner  surface  appearing  to 
be  merdy  lubricated  by  a  very  thin  fluid.  Occasionally,  however^ 
the  lymph  stops  in  different  parts  of  the  vessels ;  distends  them ; 
and  gives  them  an  appearance  very  like  that  of  varicose  veins, 
except  as  to  colour.  SoEMMSRiNa  states  that  he  has  seen  several  in 
this  condition  on  the  top  of  the  foot  of  a  female;  and  MAaxNDis 
one  around  the  corona  glandis  of  the  male.  In  dogs,  cats  and  other 
living  animals,  lymphatics,  filled  with  lymph,  are  frequently  seen 
at  the  surface  of  the  liver,  gall-bladder,  vena  cava,  venaportae,  and 
at  the  sides  of  the  spine.  M^gendis  remarks,  Uiat  he  has  never 
met  with  the  thoracic  duct  empty,  even  when  the  lymphatics  of 
the  rest  of  the  body  were  entirely  so.  It  must  be  recollected,  how- 
ever, that  the  thoracic  duct  must  always  contain  the  product  of  the 
digestion  either  of  food  or  of  the  secretions  from  die  alimentary 
tube.  This  kind  of  stagnation  of  lymph  in  particular  vessels 
has  given  occasion  to  the  belief,  that  the  lymph  flows  with  difierent 
degrees  of  velocity  in  the  difierent  parts  of  the  system ;  and  this 
notion  has  entered  into  the  pathological  views  of  difierent  writers^ 
who  have  presumed,  that  something  like  determinations  of  lymph 
can  occur,  so  as  to  produce  lymphatic  swellings.  Bordxu,  indeed, 
speaks  of  currents  of  lymph.  The  whole  phenomena  of  the 
eourse  of  the  lymph  negative  such  presumption;  and  induce  us  to 
believe,  that  its  progress  is  pretty  uniform  and  always  slow ;  and 
when  an  accumulation  or  engorgement  or  stagnation  occurs  in  any 
particular  vessel,  it  is  more  probably  owine  to  increased  secretion 
by  the  lymphatic  radicles,  which  communicate  with  the  vessel  in 
question,  and  the  consequently  augmented  quantity  of  lymph. 

The  lymph,  which  proceeds  by  the  thoracic  duct,  is  emptied, 
along  with  the  chyle,  into  the  subclavian  vein.  At  the  con- 
fluence, a  valve  is  placed,  which  does  not,  however,  appear  to  be 
essential,  as  the  duct  opens  so  fiavourably  between  the  two  cur- 
rents from  the  jugular  and  subclavian,  that  there  is  no  tendency 
for  the  blood  to  reflow  into  it.  It  has  been  suggested,  that  its  use 
may  be,-— to  moderate  the  instillation  of  the  fluid  of  the  thoracic 
duct  into  the  venous  blood.  With  regard  to  the  question,  whether 
the  lymph  is  the  same  at  the  radicles  of  the  lymphatics  as  in  the 
thoracic  duct,  or  whether  it  does  not  gradually  become  more  and 
more  animalized  in  its  course  towards  the  venous  system,  and 
especially  in  its  progress  through  the  lymphatic  glands,  the 
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muikBf  nitde  upon  the  lubject,  at  refpeets  the  chyle,  wpfij  wUh 
equal  force  to  Uie  lymph ;  and  our  ignorance  10  no  leaa  profoond. 

The  glands  of  the  mesentery  and  of  the  lymphatics  in  general 
aeem  to  be  concerned  in  some  of  the  most  serious  diseases.  Swel- 
ling of  the  lymphatic  glands  of  the  groin  indicates  the  existence 
of  a  venereal  sore  on  the  penis.  A  wound  on  the  foot  will  pro- 
duce tumefaction  of  the  inguinal  glands ;  one  on  the  hand  will 
inflame  the  glands  in  the  axilla.    Whenever,  indeed,  a  lymphatie 

Inland  is  symptomatically  enlarged,  the  source  of  irritation  will  be 
ound  at  a  greater  distance  from  the  vein  into  which  the  great 
lymphatic  trunks  pour  their  fluid,  than  the  gland  is.  In  plague, 
one  of  the  essential  symptoms  is  the  appearance  of  swelling  of  the 
lymphatic  glands  of  the  groin  and  axilla ;  hence,  it  has  been 
termed  by  some  aderuhadynamic  /ever  (from  W"*',  a  gland.)  . 
In  scrofula,  the  lymphatic  system  is  generally  deranged;  and,  in 
the  doctrine  of  Broussajs,  a  very  active  sympathy  is  affirmed  to 
exist  between  the  slands  of  the  mesentery  and  the  mucous  surface 
of  the  stomach  and  intestines.  This  discovery,  we  are  told,  be- 
longs to  the  ^ physiological  doeirine,^^  which  has  shown,  that  all 
gastro-enterites  are  accompanied  by  tumefaction  of  the  mesenterie 
glands:  although  chyle  may  be  loaded  with  acrid,  irritating  or 
even  poisonous  matters,  it  traverses  the  glands  with  impunity,  pro- 
vided it  does  not  inflame  the  gastro-intestinal  mucous  surface. 
**  Our  attention,^'  Broussais  adds,  **  has  been  for  a  long  time  di^ 
rected  to  this  question,  and  we  have  not  observed  any  instance  of 
mesenteric  glanglionitis,  which  had  not  been  preceded  by  well- 
evidenced  gastro-enteritis.^'  The  discovery  will  not  immortalize 
the  **  doctrine. ''  We  should  as  naturally  look  for  tumefaction  of 
the  mesenteric  glands  or  ganglia,  in  cases  of  irritation  of  the  intes- 
tine, as  for  enlitfgement  of  the  glands  of  the  groin  when  the  foot 
is  irritated. 

Lastly;  the  lymph,  from  whatever  source  obtained— united  with 
the  chyle — is  discharged  into  the  venous  system.  Both  of  these, 
therefore,  go  to  the  composition  of  the  body.  They  are  entirely 
lUialogous  in  properties;  but  difier  materially  in  quantity;-— the  nu- 
tritious fluid,  formed  from  materials  obtained  from  without,  being 
by  far  the  most  copious.  A  due  supply  of  it  is  required  for  con- 
tinued existence ;  yet  the  body  can  exist  for  a  time,  even  when  the 
supply  of  nutriment  is  entirely  cut  ofi*.  Under  such  circumstances 
the  necessary  proportion  of  nutritive  fluid  must  be  obtained  from 
the  decomposition  of  the  tissues ;  but  from  the  perpetual  drain, 
that  takes  place  through  the  various  excretions,  this  soon  becomes 
insufficient,  and  death  is  the  result 

We  have  seen,  that  both  chyle  and  lymph  are  poured  into  the 
venous  blood ; — itself  a  compound  of  the  remains  of  arterial  blood, 
and  of  various  heterogeneous  absorptions.  As  an  additional  prelim 
minary  to  the  investigation  of  the  agents  of  internal  absorption. 
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let  U8  now  inqaire  into  the  nature  and  eounie  of  the  fluid  eontained 
in  the  reios;  but  so  far  only  as  to  enable  us  to  understand  the 
function  of  absorption ;  the  other  considerations^  relating  to  the 
bkxxl^  appertaining  to  the  function  of  circulation. 

Sect.  III.   VENOUS  ABSORPTION- 

Anatomy  of  the  Venous  System. 

This  system  consists  of  myriads  of  vessels^  called  veins^  which 
commence  in  the  very  textures  of  the  body,  by  what  are  called 
capillary  vessels;  and  from  thence  pass  to  the  great  central  organ 
of  the  circulation — ^the  heart;  receiving,  in  their  course,  the  pro- 
ducts of  the  various  absorptions  not  only  effected  by  themselves^ 
but  by  the  chyliferous  and  lymphatic  vessels. 

The  origin  of  the  veins,  like  that  of  all  capillary  vessels,  is  im- 
perceptible. By  some,  they  are  regarded  as  continuous  with  the 
capillary  arteries ;  Malpighi  and  Leeuenhoek  siate  this  as  the 
result  of  their  microscopic  observations  on  living  animals;  and  it 
has  been  inferred,  from  the  facility  with  which  an  injection  passes 
from  the  arteries  into  the  veins.  According  to  others,  cells  exist 
between  the  arterial  and  the  venous  capillaries,  in  which  the  former 
deix>sit  their  fluid  and  whence  the  latter  obtain  it  Others^  again^ 
substitute  a  spongy  tissue  for  the  cells. 

A  question  has  also  been  asked, — whether  the  veins  terminate 
by  open  mouths ;  or  whether  there  may  not  be  more  delicate  ves- 
sels, communicating  with  their  radicles, — similar  to  the  exhalants, 
which  are  presumed  to  exist  at  the  extremities  of  the  arteries,  and 
are  the  agents  of  exhalation. 

All  this  is,  however,  conjectural.  It  has  already  been  observed, 
that  the  mesenteric  veins  have  been  considered  to  terminate  by 
open  mouths  in  the  villi  of  the  intestines;  and  the  same  arrange- 
ment has  been  conceived  to  prevail  with  regard  to  other  veins. 
RiBEs  concludes,  from  the  results  of  injecting  the  veins,  that  some 
of  the  venous  capillaries  are  immediately  continuous  with  the  mi- 
nute arteries,  whilst  others  open  into  the  cells  of  the  laminated 
tissue,  and  into  the  substance  of  the  difierent  organs. 

When  the  veins  become  visible,  they  appear  as  an  infinite  num- 
ber of  tubes,  extremely  small,  and  communicating  very  freely  with 
each  other;  so  as  to  form  a  very  fine  net-work.  These  vessels  gra- 
dually become  larger  and  less  numerous,  but  still  preserve  their 
reticular  arrangement ;  until,  ultimately,  all  the  veins  of  the  body 
empty  themselves  into  the  heart,  by  three  trunks, — ^the  vena  cava 
ifSfetior^  the  vena  cava  svperior^  and  the  coronary  vein.  The 
frsi  of  these  receives  the  veins  from  the  lower  part  of  the  body, 
and  extends  firom  the  fourth  lumbar  vertebra  to  the  right  auricle ; 
the  second  receives  all  the  veins  of  the  upper  part  of  the  body;  and 
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into  it  the  subclavian  opens,  into  which  Die  chyle  aod  lymph  are 
discharged.  It  extends  from  the  cartilage  of  the  first  rih  to  the 
ri^t  auricle.  The  coronary  vein  belonga  to  the  heart  exclusively. 

Between  the  superior  and  inferior  cava  a  commuu cation  is 
formed  by  means  of  the  vena  szygos. 

Certain  organs  appear  almost  wholly  composed  of  venous  radi- 
cles.   The  spleen  is  one  of  these. 

Fig.  101. 


The  accompanying  figure  represents  the  ramifications  of  the 
splenic  artery,  a,  in  the  substance  of  that  organ;  and  if  we  consider, 
that  Uie  splenic  vein  has  corresponding  ramifications,  the  viscas 
would  seem  to  be  almost  wholly  formed  of  blood-vessels.  The 
same  may  be  said  of  the  corpus  caveraosum  of  the  penis  and  cli- 
toris, the  nipple,  urethra,  glans  penis,  &c.     If  an  injection  be 
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thrown  into  one  of  the  veins,  that  issue  from  these  different  tis- 
saes,  they  are  wholly  filled  by  the  injection;  which  rarely  occurs, 
if  the  injection  be  forced  into  the  artery.  M agendie  affirms,  that 
the  communication  of  the  cavernous  tissue  of  the  penis  with  the 
▼eins  occurs  through  apertures  two  or  three  millimeters. — In.  0.117. 
—in  diameter. 

In  their  course  towards  the  heart,  particularly  in  the  extremities, 
the  veins  are  divided  into  two  planes ;— one  subcutaneous  or  superfi- 
cial; the  other  deep-seated,  and  accompanying  the  deep-seated  arte- 
ries. Numerous  anastomoses  occur  between  these,  especially  when 
the  veins  become  small,  or  are  more  distant  from  the  heart 

We  find  that  their  disposition  differs  according  to  the  organ. 
In  the  brain,  they  form,  in  great  part,  the  pia  mater ;  and  enter  the 
ventricles,  where  ^ey  contribute  to  the  formation  of  the  plexus 
choroides  and  tela  choroidea.  Leaving  the  organ,  we  find  them 
sitaated  between  the  laminse  of  the  dura  mater ;  when  they  take 
the  name  of  sinuses.  In  the  spermatic  cord,  they  are  extremely 
toTtaoua,  anastomose  repeatedly,  and  form  the  corpus  pampini" 
forme;  around  the  vagina,  they  constitute  the  corpus  reti/ortne; 
in  the  uterus,  the  uterine  sinuses,  &c.  The  veins  have  three  coats 
in  superposition.  The  outer  coat  is  cellular,  dens6,  ahd  very  diffi- 
cult to  rupture.  The  middle  coat  has  been  termed  the  proper 
membrane  of  the  veins.  The  generality  of  anatomists  describe  it 
as  composed  of  longitudinal  fibres,  which  are  more  distinct  in  the 
vena  cava  inferior  than  in  the  vena  cava  superior ;  in  the  su- 
perficial veins  than  in  the  deep-seated ;  and  in  the  branches  than 
in  the  trunks.  M agendie  states,  that  he  has  never  been  able  to 
observe  the  fibres  of  the  middle  coat ;  but  that  he  has  always  seen 
a  multitude  of  filaments  interlacing  in  all  directions ;  and  assum- 
ing the  appearance  of  longitudinal  fibres,  when  the  vein  is  folded 
or  wrinkled  longitudinally,  which  is  frequently  the  case  in  the  large 
veins.  It  exhibits  no  signs  of  muscularity ;  even  when  the  galva- 
nic stimulus  is  applied ;  yet  M agendie  suspects  its  chemical  na- 
ture to  be  fibrinous.  If  so,  it  is  perhaps  different  from  every  other 
tissue  in  the  body.  It  was  remarked,  in  an  early  part  of  this  work, 
that  the  bases  of  the  cellular  and  muscular  tissues  were,  respective- 
ly, gelatine,  and  fibrine ;  and  that  the  various  resisting  solids  could 
idl  ht  brought  to  one  or  other  of  these  tissues.  To  which,  then, 
ought  the  middle  coat  of  the  veins  to  be  attached.  Magendib, 
however,  merely  states  its  fibrinous  nature  to  be  a  suspicion; 
and,  like  numerous  suspicions,  it  may  be  devoid  of  foundation. 
Yet  we  have  reason  to  believe,  that  the  veins  are  contractile ; 
and  the  possession  of  this  property  would  be  in  accordance  with 
their  fibrinous  character.  Broussais  affirms,  that  this  action 
is  one  of  the  principal  causes  of  the  return  of  the  blood  to  the 
heart  He  conceives,  that  the  alternate  movements  of  contrac- 
tion and  relaxation  are  altogether  similar  to  those  of  the  heart ; 
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bat  that  tbey  are  so  sli  j^t  as  not  to  have  been  rendered  perceptible 
hy  any  process  in  the  majority  of  the  veins,  although  very  visible 
in  the  vena  cava  of  frogs,  where  it  joins  the  right  auricle.  In  some 
experiments  by  Sablandisrb  on  the  circulation,  he  observed  these 
movements  to  be  independent  of  those  of  the  heart.  After  the 
heart  was  removed,  the  contraction  and  relaxation  of  the  vein  con- 
tinued, for  many  minutes,  in  the  cut  extremity^  and  even  after  the 
blood  had  ceased  to  flow. 

The  inner  coat  is  extremely  thin  and  smooth  at  its  inner  sur- 
face. It  is  very  extensible,  and  yet  presents  considerable  resist- 
ance ;  bearing  a  very  tight  ligature  without  being  ruptured. 

In  many  of  the  veins,  parabolic  folds  of  the  inner  coat  exist, 
like  those  in  the  lymphatics,  and  inservient  to  a  similar  purpose: 
the  free  edge  of  these  valves  is  directed  towards  the  centre  of  the 
circulation;  showing  that  their  office  is  to  permit  the  blood  to  flow 
in  that  direction  and  to  prevent  its  retrogression.  They  do  not 
seem,  however,  in  many  cases,  well  adapted  for  the  purpose,  inas- 
much as  their  size  is  insufficient  to  obliterate  the  cavity  of  the  vein. 
By  most  anatomists,  this  arrangement  is  considered  to  depend  upon 
primary  organization,  but  Bichat  conceives  it  to  be  wholly  owing 
to  the  state  of  contraction,  or  dilatation  of  the  veins  at  the  moment 
of  death.  Maoendib,  however,  affirms,  that  he  has  never  seen 
the  distention  of  the  veins  exert  any  influence  on  the  size  of  the 
valves;  but  that  their  shape  is  jomewhat  modified  by  the  state  of 
contraction  or  dilatation,  and  this  he  thinks  probably  misled  Bi- 

OHAT. 

Their  number  varies  in  different  veins.  As  a  general  principle, 
they  are  more  numerous,  where  the  blood  proceeds  against  its 
gravity,  or  where  the  veins  are  very  extensible  and  receive  but 
a  feeble  support  from  the  circumambient  parts,  as  in  the  ex- 
tremities. They  are  entirely  wanting  in  the  veins  of  the  deep- 
seated  viscera ; — in  those  of  the  brain  and  spinal  marrow,  of  the 
longs ;  in  the  vena  ports  and  in  the  veins  of  the  kidneys,  bladder 
and  uterus.  They  exist,  however,  in  the  spermatic  veins ;  and, 
sometimes,  in  the  internal  mammary,  and  in  the  branches  of  the 
vena  azygos. 

On  the  cardiac  side  of  these  valves  cavities  or  sinuses  exist, 
which  appear  externally  in  the  form  of  varices.  These  dilata- 
tions enable  the  refluent  blood  to  catch  the  free  edges  of  the  valves, 
and  thus  to  depress  them,  so  as  to  close  the  cavity  of  the  vessel; 
serving,  in  this  respect,  precisely  the  same  functions  as  the  sinuses 
of  the  pulmonary  artery  and  aorta  in  regard  to  the  semilunar 
valves. 

The  three  coats  united  form  a  solid  vessel, — according  to  Bichat 
devoid  of  elasticity,  but,  in  the  opinion  of  MAasimix,  elastic  in 
an  eminent  degree.  The  elasticity  is  certainly  much  less  than  that 
of  the  arteries. 
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The  yeiiif  tre  nourished  by  v€iaa  wxBorum,  or  by  smdl  arteries, 
which  htre  their  accompanying  veins.  Every  vessely  indeed,  in 
the  body,  if  we  may  judge  from  analogy,  appears  to  draw  ita  nu- 
triment, not  from  the  blood  circulating  in  it,  but  from  small  arte* 
rial  vessels,  hence  termed  vaaa  vasarum.  This  applies  not  only 
to  the  veins,  but  to  the  arteries.  The  heart,  for  example,  is  not 
aoarished  by  the  fluid  constantly  passing  through  it;  but  by  ves- 
teh,  which  arise  from  the  aorta,  and  are  distributed  over  its  sur* 
face,  and  in  its  intimate  texture.  The  coronary  arteries  and  their 
corresponding  veins  are,  consequently,  the  vasa  vcuorum  of  the 
heart  In  like  manner,  the  aorta  and  all  its  branches,  as  well  as 
the  veins,  receive  their  vasa  vasorum.  There  must,  however,  be 
a  term  to  this ;  and  if  our  powers  of  observation  were  sufficient, 
we  ought  to  be  able  to  discover  a  vessel,  which  must  derive  its 
support  or  nourishment  exclusively  from  its  own  stores. 

The  nerves,  that  have  been  detected  in  the  veins,  are  branches 
of  the  great  sympathetic. 

The  capacity  of  the  venous,  is  generally  esteemed  to  be  double 
that  ot  the  arterial,  system.  It  is  obvious,  however,  that  we  can 
oaly  arrive  at  an  approximation,  and  thU  not  a  very  close  one. 
The  size  and  number  of  the  veins  is  generally  so  much  greater  than 
that  of  the  eorrespondinff  arteries,  that,  when  the  vessels  of  a 
membranous  part  wr%  injected,  the  veins  are  observed  to  form  a 
plexus,  and,  in  a  great  measure,  to  conceal  the  arteries:  in  the  in* 
testines,  the  number  is  more  nearly  equal.  The  difficulty  of  arriv- 
ing at  any  exact  conclusion,  regarding  the  relative  capacities  of  the 
two  systems,  is  forcibly  indicated  by  the  fact;  that  whilst  Borslli 
conceived  the  preponderance  in  favour  of  the  veins  to  be  as  four  to 
one;  Sauvaoes  estimated  it  at  nine  to  four ;  Halleb  at  sixteen 
to  nine;  and  Kxil  at  twenty-five  to  nine. 

Th^e  is  one  pc^tion  of  the  venous  system,  to  which  allnmon  has 
already  been  made,  which  is  peculiar.  We  mean  the  abdominal 
vtMOus  or  portal  wysiem.  All  the  veins,  that  return  from  the  di- 
gestive organs,  situated  in  the  abdomen,  unite  into  a  large  trunk, 
called  the  liena  portm.  This,  instead  of  passing  into  a  larger  vein, 
into  the  vena  cava,  for  example,  proceeds  to  the  liver,  and  ramifies, 
like  an  artery,  in  its  substance.  From  the  liver,  other  veins,  called 
ntfrc^kqpatic^  arise,  which  empty  themselves  into  the  vena  cava ; 
and  which  correspond  to  the  branches  of  the  hepatic  artery  as  well 
es  lo  those  of  the  vena  ports.  The  portal  system  is  concerned  only 
with  the  veins  of  the  digestive  organs  situated  in  the  abdomen;  as, 
the  spleen,  pancreas,  stomach,  intestines  and  omenta.  The  veins 
of  all  the  other  abdominal  organs, — of  the  kidney,  supra-renal  cap- 
soles,  Ac.  are  not  connected  with  it  The  first  part  of  the  vena 
portse  is  called,  by  some  authors,  vena  portm  abdominalis  vel 
weniraliM,  to  distinguish  it  from  the  hepatic  portion,  which  is  of 
great  aise,  and  has  been  called  the  ainiM  of  the  vena  portss. 
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The  blood  strongly  reflembles  the  chyle  in  its  properties ; — the 
great  difference  consisting  in  the  colour ;  and  the  venous  blood,  and 
the  chyle,  and  the  lymph  become  equally  converted  into  the  same 
fluid— arterial  blood — in  the  lungs. 

Venous  blood,  which  chiefly  concerns  us  at  present,  is  contained 
in  all  the  veins,  in  the  right  side  of  the  heart,  and  in  the  pulmo- 
nary artery ;-— organs,  which  constitute  the  apparatus  of  venous  cir* 
culation.  As  drawn  from  the  arm,  its  appearance  is  familiar  to 
every  one.  At  first,  it  seems  to  be  entirely  homogeneous;  but,  after 
resting  for  some  time,  it  separates  into  different  portions.  The 
colour  of  venous  blood  is  much  darker  than  that  of  the  arterial  ;— 
so  dark,  indeed,  as  to  have  had  the  epithet  black  blood  applied  to 
it  Its  smell  is  faint  and  peculiar;  by  some  compared  to  a  fragrant 
garlic  odour,  but  it  is  sui  generis;  its  taste  is  slightly  saline  and 
also  peculiar.  It  is  viscid  to  the  touch ;  coagulable,  and  its  tem- 
perature has  been  estimated  at  96^  of  Fahrenheit  ;  simply,  we 
believe,  on  the  authority  of  the  inventor  of  that  ttiermometric 
scale,  who  marked  96^  as  blood  heat  This  is  too  low  by  at  least 
three  or  four  degrees.  Rudolphi  and  the  German  writers  in  ge- 
neral, estimate  it  at  29°  of  Reaumur  or  "  from  98®  to  100°  of 
Fahrenheit;"  whilst,  by  the  French  writers  in  general,  its  mean 
temperature  is  stated  at  31°  of  Reaumur  or  102°  of  Fahrenheit. 
Magendie,  who  is  tusually  very  accurate,  fixes  the  temperature 
of  venous  blood  at  31°  of  Reaumur,  or  102°'  of  Fahrenheit  ; 
and  that  of  arterial  blood  at  32°  of  Reaumur,  or  104°  of  Fahren- 
heit.    100°  may  be  perhaps  taken  as  the  average. 

In  many  animals,  the  temperature  is  considerably  higher  than 
that  of  man.  In  the  sheep  it  is  102  or  103°;  but,  of  all  animals, 
it  is  most  elevated  in  birds.  In  the  duck  it  is  107°.  On  this  sub* 
ject,  further  information  will  be  given  under  the  function  of  calo^ 
rificaiion.  Its  specific  gravity  is  differently  estimated  by  difierent 
writers.  Hence  it  is  probable,  that  it  varies  in  different  individuals, 
and  in  the  same  individual  at  different  periods.  Compared  with 
water,  its  mean  specific  gravity  has  been  estimated  to  be  as  1.0527 
to  l.OpOO.  It  is  stated,  however,  to  have  been  found  as  high  as 
1.126;  and,  in  disease,  as  low  as  1.022.  It  has,  moreover,  been 
conceived,  that  the  effect  of  disease  is,  invariably,  to  make  it  lighter; 
and  that  the  more  healthy  the  individual,  the  greater  is  the  specific 
gravity  of  the  blood,  but  our  information  on  this  point  is  vasue. 

When  blood  is  examined  with  a  microscope  of  high  magnifying 
powers,  it  appears  to  be  composed  of  numerous,  minute,  red  parti- 
cles or  globules,  suspended  in  the  serum.  These  red  particles  have 
a  different  shape  and  dimension,  according  to  the  nature  of  the 
animal.  In  the  mammalia,  they  are  circular ;  and,  in  birds  and 
cold-blooded  animals,  elliptical.  In  all  animals,  they  are  affirmed, 
by  some  observers,  to  be  flattened,  and  marked  in  the  centre  with 
a  luminous  pointy  of  a  shape  analogous  to  the  general  shape  of  the 


l^iile.  It  miaty  however^  be  remarked^  that  here,  m  in  ev^y 
eMie,  whieh  resU  on  mioroacopie  obsenratioiiy  the  gmtort  disere- 
pancjr  pceyiils,  not  only  ti  regards  the  ehape  but  the  size  of  these 
gldboles.  They  were  first  noticed  by  Malyi^bi,  and  were  after- 
wards more  minutely  examined  by  Lsjbuskhosk^  who  at  first  de- 
e^ibed  them^  correctly  enough,  in  general  terms*,  but^subsequenliy, 
became  hypothetical,  and  adranced  the  phantasy,  that  the  red  par- 
ticles are  composed  of  a  series  of  globular  bodies,  descending  in 
regular  gradations;  each  of  the  red  particles  being  supposed  to  be 
composed  of  six  particles  of  serum;  a  particle  of  serum  of  six  par- 
ticles of  lymph,  &c.  Totally  devoid  of  foundation,  as  the  whole 
notion  was,  it  was  ijtnplicitly  believed  for  a  considerable  period, 
even  until  the  time  Hallek  wrote. 

Hewson  described  the  globules,  as  consisting  of  a  solid  centre, 
surrounded  by  a  vesicle,  filled  with  a  fluid;  and  to  be  ^as  flat  as  a 
guinea."  Hunter,  on  the  other  hand,  did  not  regard  them  as 
solid  bodies,  but  as  liquids,  possessing  a  central  attraction,  which 
determines  their  shape.  Dei^la  Toebe  supposed  them  to  be  a  kind 
of  disic,  or  ring,  pierced  in  the  centre;  whilst  Mokeo  conceived 
tbem  to  be  circular,  flattened  bodies,  like  coins,  with  a  dark  spot 
in  the  centre,  which  be  thought  was  not  owing  to  a  perforation, 
as  DsiiLA  ToRBE  had  imaging,  but  to  a  depression.  Cavaij.o, 
agjsin,  conceived,  that  all  these  appearances  are  deceptive,  de- 
pending upon  the  peculiar  modification  of  the  rays  of  light,  as 
afieeted  by  the  form  of  the  particle;  and  he  concluded,  that  they 
are  mmple  spheres. 

Amici  found  them  of  two  kinds,  both  with  angular  mai^ins;  but, 
in  the  one,  the  centre  was  depretted  on  both  sides;  whilst,  in  the 
other,  it  was  elevated. 

The  observations  of  Dr.  Youira,  of  Sir  Everabp  Home  and 
Mr.  Bauer,  and  of  MM.  Prevost  and  Dumas,  accord  chiefly 
with  those  of  Hewson.  All  these  gentlemen  consider  the  red  par- 
ticles to  be  composed  of  a  central  globule,  which  is  transparent  and 
whitish,  and  (^  a  red  envelope,  which  is  less  transparent. 

•Still  more  reeently,  however.  Dr.  Hodgkin  has  denied,  that  they 
Iffe  spherical,  and  that  they  consist  of  a  central  nucleus  inclosed 
in  a  vesicle.  He  affirms,  on  the  authority  of  a  microscope,  which, 
on  comparison,  was  found  equal  to  a  celebrated  one,  taken  a  few 
yeam  ago  to  Great  Britain  by  Professor  Amici,  that  the  particles 
of  human  blood  Bppesjr  to  consist  of  circular,  flattened,  transparent 
eakes,  their  thickness  being  about  ^th  part  of  their  diameter. 
These,  when  seen  singly,  appear  to  be  nearly  or  quite  colourless. 
Their  edges  are  rounded,  and  beine  the  thickest  part,  occasion  a 
^epressioo  in  the  middle,  which  exists  on  both  surfaces.  His  view, 
eonsequeotly,  appears  to  resemble  that  of  Moitro. 

A«udrt  this  dieoordanee,  it  is  difficult  to  know  whicA  view  we 
ought  lo  adopt.  The  belief  in  their  consisting  of  circular,  flattened, 
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transparent  bodies,  with  a  depression  in  the  centrei  appears  to  hare 
the  greatest  weight  of  authority  in  its  favour ;  and  that  they  consist 
of  an  external  envelope  and  of  a  central  nucleus,  the  former  of 
which  is  red  and  gives  colour  to  the  blood.  The  nucleus  is  devoid 
of  colour,  and  it  appears  to  be  independent  of  the  envelope;  as, 
when  the  latter  is  destroyed,  the  central  portion  preserves  its  ori- 
ginal shape.  The  nucleus  is  much  smaller  than  the  envelope,  be- 
ing,  according  to  Dr.  Young,  only  about  one-third  the  length,  and 
one-half  the  breadth  of  the  entire  particle. 

According  to  Sir  Evbbard  Homb,  the  globules,  when  envelop- 
ed in  the  colouring  matter,  are  tVW^'^  P^*^  ^^  ^°  ^^^^  ^^  diameter, 
requiring  2,890,000  to  a  square  inch ;  but,  when  deprived  of  their 

colouring  matter,  they  appear  to  be  ^^jVir^^  P*^  ^^  *"  ^^^^  '^^  ^^^'' 
meter,  requiring  4,000,000  of  globules  to  a  square  inch.  From 
these  measurements,  the  globules,  when  deprived  of  their  colour- 
ing matter,  are  not  quite  one-fifth  smaller. 

The  views  of  MM.  Prevost  and  Dumas,  who  have  investigated 
this  subject  with  extreme  care  and  signal  ingenuity,  are  deserving 
of  great  attention.  They  conceive  the  blood  to  consist  essentially 
of  serum,  in  which  a  quantity  of  red  particles  is  suspended;  that 
each  of  these  particles  consists  of  an  external  red  vesicle,  which 
incloses,  in  its  centre,  a  colourless  globule ;  that,  during  the  pro- 
gress of  coagulation,  the  vesicle  bursts,  and  permits  the  central  glo- 
bule to  escape;  that,  on  losing  their  envelope,  the  central  globules 
are  attracted  together;  that  they  are  disposed  to  arrange  themselves 
in  lines  and  fibres ;  that  these  fibres  form  a  net-work,  in  the  meshes 
of  which  they  mechanically  entangle  a  quantity  both  of  the  serum 
and  of  the  colouring  matter;  that  these  latter  substances  may  be 
removed  by  draining,  and  by  ablution  in  water;  that,  when  this  is 
done,  there  remains  only  pure  fibrine;  and  that,  consequently,  fibrine 
consists  of  an  aggregation  of  the  central  globules  of  the  red  parti- 
cles, while  the  general  mass,  that  constitutes  the  crassamentum  or 
clot,  is  composed  of  the  entire  particle. 

So  far  this  seems  satisfactory ;  but,  we  have  seen.  Dr.  Hodgkin 
does  not  recognise  the  existence  of  external  vesicle  or  of  central 

f lobule;  and  ne  affirms,  contrary  to  the  notion  of  Sir  Evbrabd 
[oME  and  others,  that  the  particles  are  disposed  to  coalesce  in 
their  entire  state.  This  is  best  seen,  when  the  blood  is  viewed  be- 
tween two  slips  of  glass.  Under  such  circumstances,  the  following 
appearances,  according  to  Hodgkin,  are  perceptible.  When  human 
Mood,  or  that  of  any  other  animal  having  circular  particles,  is  ex- 
amined in  this  manner,  considerable  agitation  is,  at  first,  seen  to 
take  place  among  the  particles;  but,  as  this  subsides,  they  apply 
themselves  to  each  other  by  their  broad  surfaces,  and  form  piles  or 
rouleaux,  which  are  sometimes  of  considerable  length.  These 
rouleaux  often  again  combine  amongst  themselves, — the  end  of  one 
being  attached  to  the  side  of  another, — ^producing,  at  times,  very 
curious  ramifications. 
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Not  sore  these  microscopical  discordances  less  evidenced  by  the 
estimatesy  which  have  been  made  of  the  size  of  the  red  globules, 
notwithstanding  that  all  are  adduced  on  the  faith  of  positive  ad- 
measurements. Leaving  out  of  view  the  older,  and,  consequently, 
it  might  be  presumed,  less  accurate  observations,  the  following  table 
urillsbow  their  diameter  in  human  blood,  on  the  authority  of  some 
of  the  moot  eminent  microscopic  observers  of  more  recent  times. 

Baukr,  with  coloariDff  matter,  -nW^  P^  ^^  ^^  ^^^^ 
Do.        without  do.  j^^ 

HODOKIN,  .  .  -  -g^ 

Sprbngsl,        .        .        .  ^^  to  ^g^ 

Cavallo,  -         -         .  Y^  to  .f^' 

Blumenbaoh,  -         -  T^^ 

PaKYOST  and  Dumas,       -  ^^^ 

WOLLASTON,  -  -  y^ 

YoVVOf  .  -  -  y^ 

The  blood  of  different  animals  is  found  to  differ  greatly,  in 
the  relative  quantity  of  the  red  globules  it  contains ; — the  number 
seeming  to  bear  a  pretty  exact  ratio  with  the  temperature  of  the 
animal.  The  higher  the  natural  temperature  the  greater  the  propor- 
tion of  particles;  and  arterial  always  contains  a  much  greater  pro- 
portion than  venous  blood. 

MM.  PmsvosT  and  Duhas  have  attempted  an  evaluation  of 
the  weight  of  the  globules  compared  with  that  of  the  serum  in 
which  they  are  held  in  suspension.  Admitting  that  the  clot,  pro- 
duced at  die  moment  of  coagulation,  is  impregnated  with  serum 
as  a  sponge  would  be  if  placea  in  that  fluid,  the  proportion  betweem 
each  of  Uiese  matters  might  be  easily  appreciated.  We  should 
have;  ^r^^y-— serum,  consisting  of  water  and  solid  matters ;  and, 
secondfy,  clot,  formed  of  globules  and  serum.  By  drying  the 
Berum,  lite  proportion,  between  the  water  and  the  solid  matters  it 
contains,  can  be  detected.  By  drying  the  clot,  the  quantity  of 
water,  which  it  contains,  can  be  known ;  and  if  the  fluid  is  in  the 
state  of  serum,  the  quantity  of  dry  matters,  which  ought  to  be  left 
by  the  serum,  must  be  deducted  from  the  weight  of  the  clot.  The 
weight  remaining  will  be  that  of  the  globules.  By  adding  the 
water  of  the  serum  to  that  of  the  clot,  we  have  the  whole  quantity 
of  water  contained  in  the  blood. 

By  adopting  this  course,  MM.  Pbevost  and  Dumas  obtained 
the  following  results  from  the  blood  of  different  animals: 
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Name  of  tbe 

IttmeaB 

lOgOOO  parU  of  blood  contain. 

r 

Albumeti 
and 

\ 

Animal. 

Temperature. 

Globule 

Water. 

. 

■ 

SbliTble  Sakf. 

Pigeon,       -    - 

108*  Fab. 

1557 

469 

^7974 

Hen,     -    -    - 

107* 

1571 

630 

7799 

Duck,    -    -    - 

109* 

1501 

847 

7652 

Rook,    -    -    -  • 

109* 

1466 

564 

7970 

Heron,       -    - 

106* 

1326 

592 

8080 

Ape,     .    -    - 
Man,     -    -    - 

96* 

1461 

779 

7760 

102* 

1292 

869 

7839 

Guinea  Pig,    - 

101* 

1280 

872 

7848 

Dog,     .    .    - 

100* 

1238 

655 

8107 

Cat,      .    -    - 

101* 

1204 

843 

7953 

Goat,     -    •    - 

103* 

1020 

834 

8146 

Calf,      -    -    - 

C( 

912 

82d 

8260 

Rabbit,.    -    - 

101* 

938 

683 

8370 

Horse,  -    -    - 

98* 

920 

897 

8183 

Sheen,  arterial  > 
blood,         \ 

101* 

935 

772 

829S 

Do.      renous  5 
blood,       5 

a 

861 

775 

8364 

Trout,  -    -    . 

<c 

658 

725 

8687 

Burbot,             > 
Ckuiui  Loia^    ) 

that  of  the  air 

481 

657 

8862 

Frog,    '    '      l 

49*  in  water  > 
at  46*        5 
that  of  the  air 

690 

464 

S846 

Turtle,      .     - 

1506 

806 

7688 

Eel,       -    -    -    1        do. 

600 

940 

8460 

In  the  above  Cable,  we  are  struck  with  the  difikrence  between 
the  number  of  globules  in  the  arterial  and  venous  blood  of*  the 
sheep;  as  well  as  with  the  anomaly  presented  by  the  turtle.  In 
all  these  experiments,  MM.  Pbbvost  and  Dumas  found  it  indis- 
pensable to  adopt  numerous  precautions,  on  account  of  the  rapid 
changes,  induced  by  bleeding  in  the  composition  of  the  blood.  In 
proportion  as  the  blood  is  drawn,  water  is  absorbed  from  every 
or^n,  and  it  becomes,  thus,  impoverished  in  globules. 

It  has  been  already  remarked,  that  innumerable  globules  have 
been  found  in  the  chyle.  These  are  colourless;  and  they  have  beea 
asserted  to  be  of  precisely  the  same  magnitude  as  the  nucleus  ot 
the  red  globule  of  the  blood.  It  is  presumed  too,  that  the  globules 
of  the  chyle  obtain  their  colour,  and  their  external  envelope  on 
which  it  depends,  in  the  lungs ;  and  that  this  is  the  finish  given  to 
the  process  of  digestion.  The  notion  is,however,  problematical.  The 
^  following  table  exhibits  the  diameter  of  the  circular  and  elliptical 
globules  in  different  animals,  according  to  MM.  Prevost  and 
Dumas. 
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ANIMALS   WITH    OIROULAE   GLOBULES. 


Anhnal. 


Diamtter 
in  fractions  of  a 
Millimetre* 


CalHtrichos  or  flreen  Monkey  of  Africa,    - 
Maiif  the  Dc^,  Rabbit,  Hog,  Hedge-hog,  GuiDea- 

pig  and  Dormouse, 

The  Ass,  - 

The  Cat,  gray  and  white  Mouse,  field  Mouse,    - 
Sheep,  Bat,  Horse,  Mute,  Ox,    .        .        .        . 
Chamois,  Stag,         *        -        - 
Goat, 


ANIMALS   WITH   ELLIPTICAL   GLOBULES. 


Animal. 


Diiuneter. 


Long. 


Short 


■\ 


Oiprej,  Pigeon, 

Turkey,  Duck,  -        -        .        .        . 

Common  Fowl, 

Peacock, 

Goose,  Goldfinch,  Crow,  Sparrow,     - 
Titmouse,         ------ 

Luid  Tortoise, 

Viper, 

Orvet, 

Coluber  of  Razomousky,   -       -       -       - 

G^yliizard,    ------ 

SalammtdrB  tdnturie^  Crested  Salamander, 
Common  Frog,  Toad,  Frog  with  red  temples. 
Burbot,  Minnow,  Eel,        -        -        -        - 


n^th. 

Tirrth. 

«Vth. 
Ath. 

A*- 


rh^ 


Whofi  blood  ia  drawn  /rom  a  vessel  and  left  to  itself,  it  ex- 
hales) 00  long  Ita  it  is  warm,  a  vapour  consisting  of  water  and  animal 
matter,  of  a  naturo  not  known.  This  vapour  is  what  has  been  cal- 
kd  the  haliiua  of  the  blood ;  by  Plsnck — the  gas  animate  san- 
guinis,  which  he  conceives  to  be  composed  of  carbon  and  hydro- 
gen, ttid  to  be  inservient  to  many  supposititious  uses  in  the  eco- 
nomy. 

AAer  a  time,  the  blood  coagulates,  giving  off,  at  the  same  time, 
A  qtiantity  of  carbonic  acid  gas.  This  disengagement  is  not  evi- 
dent, when  the  blood  is  suffered  to  remain  exposed  to  the  air,  ex- 
cept by  the  apertures  or  canals  formed  by  its  passage  through  the 
clot;  but  it  can  be  collected  by  placing  the  blood  under  the  receiver 
of  an  air  pump,  and  exhausting  the  air.  On  this  fact,  however,  ob- 
aervers  do  not  all  accord.    The  experiments  of  Vogsl,  Beandk, 
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and  SctJDAMOBE  are  in  farourof  such  evolution;  and  the  last  gen- 
tleman conceives  it  even  to  be  an  essential  part  of  the  process;  but 
other  distinguished  experimenters  have  not  been  able  to  detect  it 
Neither  Dr.  John  DAvr^nor  Dr.  Duncan,  Jr.,  nor  Dr.  Christison, 
could  procure  carbonic  acid  during  the  coagulation  of  the  blood. 
Dr.  Turner  suggests,  that  the  appearance  of  the  carbonic  acid,  in 
the  experiments  of  Vogel,  Brande  and  Scud amore,  might  easily 
have  been  occasioned  hy  casual  exposure  to  the  atmosphere,  pre- 
vious to  the  blood  being  placed  under  the  receiver;  but  we  have 
no  reason  for  believing,  that  this  source  of  fallacy  was  not  guarded 
against  as  much  by  one  set  of  experimenters  as  by- the  other.  Our 
knowledge,  on  this  point,  is  confined  then  to  the  fact,  that,  by 
some,  carbonic  acid  gas  has  been  found  exhaled  during  the  pro- 
cess of  coagulation; — -by  others,  not. 

During  coaptation,  the  blood  separates  into  two  distinct 
portions;  a  yellowish  liquid,  called  the  serum  of  the  blood; 
and  a  red  solid,  known  by  the  name  of  the  doty  cnior,  crassa- 
mentum,  coagulunij  placenta,  or  insula.  The  proportion  of  the 
serum  to  the  crassamentum  varies  greatly  in  different  animals,  and 
in  the  same  animal  at  different  times,  according  to  the  state  of  the 
system.  The  latter  is  more  abundant  in  healthy,  vigorous  animals 
than  in  those  that  have  been  impoverished  by  depletion,  low  living, 
or  disease. 

The  serum  is  viscous,  transparent,  of  a  slightly  yellowish  hue, 
and  alkaline,  owing  to  the  presence  of  a  little  free  soda.  Its  smell 
and  taste  resemble  those  of  the  blood.  Its  average  specific  gravity 
is  about  1.029.  At  about  158°  of  Fahrenheit,  it  coagulates;  form- 
ing, at  the  same  time,  numerous  cells,  containing  a  fluid,  which 
oozes  out  from  the  coagulum  of  the  serum,  and  is  called  the  serth 
sity.  It  contains,  according  to  Bostock,  about  i\^th  of  its  weight 
of  animal  matter,  together  with  a  little  muriate  of  soda.  Of  this 
animal  matter,  a  portion  is  albumen,  which  may  be  readily  coagu- 
lated by  means  of  galvanism ;  but  a  small  quantity  of  some  other 
principle  is  present,  which  differs  from  albumen  and  gelatine,  and 
to  which  M ARCBT  gave  the  name  muco-extraetive  mattery  and 
Bostock  uncoagulable  matter  of  the  bloody — as  a  term  expres- 
sive of  its  most  characteristic  property. 

Serum  preserves  its  property  of  coagulating,  even  when  largely 
diluted  with  water.  According  to  Brands,  it  is  almost  pure  liquid 
albumen,  united  with  soda  which  keeps  it  fluid.  Consequently, 
he  affirmed,  but  erroneously,  that  any  reagent,  which  takes  away 
the  soda,  will  produce  coagulation;  and  that,  by  the  action  of 
caloric,  the  soda  may  transform  a  part  of  the  albumen  into  mu- 
cus. 

The  action  of  the  galvanic  pile  coagulates  the  serum,  and  forms 
globules  in  it  analogous  to  those  of  the  blood. 

From  the  analysis  of  senim,by  Berzblius,  it  appears  to  consist, 
in  1000  parts ;— of  water,  903 ;  albumen,  80 ;  substances  soluble  in 
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alcohol)— as  lactate  of  soda  and  extractive  matter,  muriate  of  soda 
and  potasssy  10 ;  substances  soluble  in  water, — as  soda  and  animal 
matter,  and  phosphate  of  soda,  4;  loss,  3. 

Mabcxt  assigns  it  the  following  composition: — water,900part8; 
albumen,  S6.8 ;  muriates  of  potassa  and  soda,  6. 6 ;  muco-extractive 
matter,  4;  carbonate  of  soda,  1.65;  sulphate  of  potassa,  0.35,  and 
earthy  phosphates,  0.60 ; — a  result,  which  closely  corresponds  with 
that  of  BsRZBLius,  who  states  that  the  extractive  matter  of  Mab- 
CET  is  lactate  of  soda,  united  with  animal  matter. 

Occasionally,  the  serum  presents  a  whitish  hue,  which  has  given 
rise  to  the  opinion  that  it  contained  chyle;  but  it  would  seem,  that 
this  is  fatty  matter.  In  the  senim  of  the  blood  of  spirit  drinkers. 
Dr.  Tbaill^  of  Liverpool,  has  found  a  notable  portion  of  this  sub- 
stance, which  has  been  considered  to  favour  the  notion,  that  the 
human  body  may,  by  intemperance,  become  preternaturally  com- 
bustible ;  and  has  been  used  to  account  for  some  of  the  strange 
cases  of  spontaneous  combustiony  or  rather  of  preternatural 
combusHbilityj  which  are  on  record. 

The  craisamentum  or  clot  is  a  solid  mass,  of  a  reddish-brown 
colour,  which,  when  gently  washed  for  some  time,  under  a  small 
stream  of  water,  separates  into  two  portions,  ^-colouring  mat- 
ter and  fibrine.  As  soon  as  the  blood  is  taken  from  a  vessel,  the 
colouring  matter  of  the  red  globules  leaves  the  central  nucleus 
free ;  these  then  unite,  as  we  have  seen,  and  form  a  net-work,  con- 
taining some  of  the  colouring  matter  and  many  whole  globules. 
By  washing  the  clot  in  cold  water,  the  free  colouring  matter  and 
the  globules  can  be  removed,  and  the  fibrine  will  alone  remain. 

When  freed  from  the  colouring  matter,  fibrine  is  solid,  whitish, 
insipid,  inodorous,  heavier  than  water,  and  without  action  on  ve- 
getable colours;  elastic,  when  moist  and  becoming  brittle  by  de- 
siccation. 

It  yields,  on  distillation,  much  carbonate  of  ammonia,  and 
a  bulky  coal,  the  ashes  of  which  contain  a  considerable  quantity  of 
phosphate  of  lime,  a  little  phosphate  of  magnesia,  carbonate  of  lime 
and  carbonate  of  soda.  One  hundred  parts  of  fibrine,  according  to 
BBRZEi.iirs,  consist  of  carbon,  53.360;  oxygen,  19.685;  hydrogen, 
7.021;  azote,  19.934. 

Fibrine  has  been  designated  by  various  names.  It  is  the  gluten^ 
eoagulctble  lymphs  dLud  fibre  of  the  6/o{m/ of  different  writers.  Its 
specific  gravity  is  said  to  be  greater  than  that  of  the  serum ;  but 
the  difference  has  not  been  accurately  estimated,  and  cannot  be 
great  The  red  particles  are  manifestly,  however,  heavier  than 
eitherf  as  we  find  them  subsiding  during  coagulation  to  the  lower 
surface  of  the  dot,  when  the  blood  has  flowed  freely  from  the  ori- 
fice in  the  vein. 

Fibrine  appears  to  be  the  most  important  constituent  of  the  blood. 
It  exists  in  animals,  in  which  the  red  particles  are  absent,  and  is 
the  basis  of  the  muscular  tissue. 
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The  eolooring  xmtter  of  the  Uood^  called,  by  iomty  the  etnoTj 
hemetiu^^  iematosine,  xoo-hematiney  «nd  hewMckroine^  has  been 
the  subject  of  anxious  investigatioa  with  the  analytical  chymiat 
We  have  already  remarked,  iShat  it  resides  in  distinct  particles  or 
globules;  and,  in  the  opinion  of  the  best  obserrers,  in  the  envelope 
of  those  globules.  The  globules  are  insoluble  in  serum,  but  their 
colouring  principle  is  dissolved  by  pure  water,  acids,  alkalies,  and 
alcohol.  Great  uncertainty  has  always  existed  regarding  the  cause 
of  the  colour.  As  soon  as  the  blood  was  found  to  contain  iron,  the 
peroxide  of  which  has  a  red  hue,  the  colour  of  the  red  globules  was 
ascribed  to  the  presence  of  that  metaL  Fourcbot  and  Vauqublik 
held  this  opinion,  conceiving  the  iron  to  be  in  the  state  of  sub- 
phosphate;  and  they  affirmed,  that  this  salt  may  be  dissolved  in  se- 
rum by  means  of  an  alkali,  and  that  the  colour  of  the  solution  is 
exactly  like  that  of  the  blood. 

BsRzsuus,  however,  showed,  that  the  sub-phosphate  of  iron 
cannot  be  dissolved  in  serum  by  means  of  an  alkali,  except  in  vary 
minute  quantity;  and  that  this  salt,  even  when  rendered  soluble  by 
phosphoric  acid,  communicates  a  tint  quite  different  from  that  of 
the  TtA  globules.  He  found,  that  the  ashes  of  the  colouring  matter 
always  yielded  oxide  of  iron  in  the  proportion  of  ^^^r^h  of  the  ori- 
ginal mass ;  whence  it  was  inferred,  that  iron  is  somehow  or  other 
concerned  in  the  production  of  the  colour ;  but  the  experiments 
of  Bbrzelius  did  not  indicate  the  state  in  which  that  metal  exists 
in  the  blood.  He  could  not  detect  its  presence  by  any  of  the  liquid 
tests. 

The  views  of  BsRZELnrs,  and  the  experiments  on  which  they 
were  founded,  were  not  supported  by  the  researches  of  Mr.  Brande, 
who  endeavoured  to  show,  that  the  colour  of  the  blood  does  not 
depend  upon  iron ;  because  he  found  the  indications  of  the  presence 
of  that  metal  as  considerable  in  the  parts  of  the  blood  that  are  d^ 
void  of  colour  as  in  the  globules  themselves ;  and  in  each  it  was 
present  in  such  small  quantity,  that  no  effect,  as  a  colouring  agent, 
could  be  expected  from  it 

Mr.  Brande  supposed,  that  the  tint  of  the  red  globules  is  pro- 
duced by  a  peculiar,  animal,  colouring  principle,  capable  of  combin- 
ing with  metallic  oxides.  He  succeeded  in  obtaining  a  compound 
of  the  colouring  matter  of  the  blood  with  the  oxide  of  tin ;  but  its 
best  precipitants  are  the  nitrate  of  mercury  and  corrosive  subli- 
mate. Woollen  cloths,  impregnated  with  either  of  these  compounds, 
and  dipped  in  an  aqueous  solution  of  the  colouring  matter,  ac- 
quired a  permanent  red  dye,  unchangeable  by  washing  with  soap. 
The  conclusions  of  Brande  have  been  supported  by  VAtrquELur; 
but  the  matter  is  conceived  by  TtiRNER  to  have  been  finally  decid- 
ed by  Enoelhart,  a  young  German  chymist  of  distinction,  who 
has  demonstrated,  that  the  fibrineand  albumen  of  the  blood,  when 
carefully  separated  from  colouring  particles,  do  not  contain  a  trace 
of  iron ;  whilst  he  procured  iron  from  the  red  globules  by  incine- 
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ralion.  HeaW  saoeeeded  in  pfoving  the  preflenoe  of  iron  jn  the 
eelouring  matter  fay  the  liquid  tests ;  for,  on  trahsmitdng  a  current 
ef  chlorine  gas  through  a  solution  of  red  globules,  the  colour  en- 
tirelj  disappeared,  white  flocks  were  thrown  down,  and  a  tran»* 
parent  solution  remained,  in  which  the  peroxide  of  iron  was  dis- 
covered by  the  usual  reagents.  The  results,  obtained  by  Enobl*- 
HAB7,  as  regards  the  quantity  of  iron,  correspond  with  those  of 
Berzelius.  These  facts  bcve  since  been  confirmed  by  Rose  of 
Berlin ;  and  recently,  Wurzer  of  Marburg,  by  pursuing  En^el- 
hart's  method,  by  liquid  tests,  has  detected  the  existence  of  the 
protoxide  of  manganese,  likewise. 

The  proportion  of  iron  does  not  appear  to  be  more  than  one-half 
per  cent;  yet,  as  it  is  contained  only  in  the  colouring  matter,  there 
IS  some  reason  for  believing  that  it  may  be  concerned  in  the  colora- 
tion of  the  blood,  although  probably  in  the  form  of  oxide.  The 
aulplio-cyanic  acid  has  been  detected  in  the  saliva ;  and  this  acid, 
when  united  with  the  peroxide  of  iron,  forms  a  colour  exactly  like 
that  of  venous  blood;  so  that  it  has  been  presumed,  it  may  exist  in 
the  Mood  also;  but  even  should  this  be  found  to  be  the  case,  there  will 
0till  be  much  left  to  explain ;  especially  as  regards  the  changes 
effected  in  the  lunss. 

Very  recently,  M.  L.  R.  Lb  Canu  has  subjected  the  hemato^ 
sine  or  colouring  matter  to  analysis  and  found  it  to  be  composed 
of: — loss,  representing  the  weight  of  the  animal  matter,  97.742; 
subcarbonate  of  soda,  alkaline  muriates,  subcarbonates  of  lime  and 
magnesia, — and  phosphates  of  lime  and  magnesia,  1.724;  peroxide 
of  iron,  0.534.  The  result  of  his  researches  induces  him  to  con- 
clude, that  the  colouring  matter  is  a  compound  of  albumen  with 
some  colouring  substance  yet  unknown,  and  which  he  proposes  to 
call  ghbuline,  to  distinguish  it  from  the  hematosine,  of  which  it 
forms  but  a  part  The  globuline  yielded  on  analysis; — ^loss,  98.26; 
p^x>xide  of  iron,  1.74;  and  M.  Le  Cakxt  suggests,  that  it  may 
result  from  the  combination  of  some  animal  matter  with  certain  fer- 
rugineous  compounds,  analogous  to  the  cyanides. 

After  all,  therefore,  our  ignorance  on  this  subject  is  still  great; 
and  all  that  we  seem  to  know  is,  that  the  peroxide  of  iron  is  con- 
tained in  the  colouring  matter  of  the  blood.  The  redness  of  the 
fluid  is  one  of  its  most  obvious  characteristics;  and  we  are  induced 
to  esteem  the  change  effected  in  the  lungs,  as  regards  colodr,  of 
eminent  importance.  It  is,  however,  no  farther  so,  than  as  it 
indicates  the  aecomplishment  of  the  conversion  of  venous  into  arte- 
rial blood.  That  there  is  nothing  essential,  connected  with  the 
mere  coloration,  is  evinced  by  the  fact,  that  there  are  many  tex- 
tures, of  extreme  delicacy,  which  do  not  even  receive  red  blood; — 
the  tunica  conjunctiva,  and  the  serous  membranes,  for  example. 
In  the  insect,  again,  the  blood  Is  transparent ;  in  the  caterpillar  of 
a  greenish  hue;  and,  in  the  internal  vessels  of  the  frog,  yellowish. 
In  man,  it  maoafestly  differs  according  to  numerous  circumstances; 
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and  the  colour  of  the  skiD,  which  is  partly  dependent  upon  these 
differences^  thus  becomes  an  index  of  the  state  of  individual 
health  or  disease.  In  the  morbus  casruleusj  cyanopathy  or  blue 
diseasey  the  whole  surface  is  coloured  blue,  especially  in  those 
parts  where  the  skin  is  delicate  as  on  the  lips,— owing  to  a  com- 
munication existing  between  the  right  and  left  sides  of  the  heart, 
so  that  the  blood  can  pass  from  one  to  the  other,  without  proceed* 
ing  through  the  lungs;  and  the  appearance  of  the  jaundiced  is  fa- 
miliar to  all. 

The  formiaition  of  the  clot,  and  its  separation  from  the  serum,  is 
manifestly  dependent  upon  the  fibrine;  which,  by  assuming  the 
solid  state,  gives  rise  to  the  coagulation  of  the  blood ; — a  pheno- 
menon, which  has  occasioned  much  fruitless  speculation  and  expe- 
riment. 

The  process  of  coagulation  is  influenced  by  exposure  to  the  air. 
HswsoN  a£Srmed,  that  it  is  promoted  by  such  exposure,  but  Hun- 
ter was  of  an  opposite  opinion.  If  the  atmospheric  air  be  exclud- 
ed,— by  filling  a  bottle  completely  with  recently  drawn  blood,  and 
closing  the  orifice  with  a  good  stopper,—- coagulation  is  retarded. 
Yet  Sir  C.  Scudamore  mentions  the  singular  fact,  that  if  blood  be 
confined  within  the  exhausted  receiver  of  an  air  pump,  the  coagu- 
lation is  accelerated.  The  presence  of  air  is  certainly  not  essen- 
tial to  the  process. 

Experiments  have  also  been  made  on  the  effect  produced  by 
different  gases  on  the  process  of  coagulation;  but  the  results  have 
not  been  such  as  to  afiord  much  information.  It  is  asserted,  for 
example,  by  some,  that  it  is  promoted  by  carbonic  acid,  and  certain 
other  of  the  irrespirable  gases,  and  retarded  by  oxygen;  by  others, 
the  reverse  is  affirmed;  whilst  Sir  Humfhrt  Davy  informs  us, 
that  he  could  not  perceive  any  difference,  in  the  period  of  the  coa- 
gulation of  venous  blood,  when  it  was  exposed  to  azote,  nitrous 
gas,  oxygen,  nitrous  oxide,  carbonic  acid,  hydrocarbon,  or  atmos- 
pheric air. 

The  time,  necessary  for  coagulation,  is  also  affected  by  tempera- 
ture. It  is  promoted  by  warmth;  retarded,  but  not  prevented,  by 
cold.  Hewson  froae  blood,  newly  drawn  from  a  vein  and  after- 
wards thawed  it;  when  it  first  became  fluid,  and  then  coagulated 
as  usual.  Hunter  made  a  similar  experiment  with  the  like  result 
It  is  obviously,  therefore,  not  from  simple  refrigeration  that  the 
blood  coagulates.  Sir  C.  Scudamore  found,  that  blood,  which 
begins  to  coagulate  in  four  minutes  and  a  half  in  a  temperature  of 
5SF*  Fahr.,  undergoes  the  same  change  in  two  minutes  and  a  half 
at  98®;  and  that,  which  coagulates  in  four  minutes  at  98®  Fahr., 
becomes  solid  in  one  minute  at  120®.  On  the  contrary,  blood, 
which  -coagulates  firmly  in  five  minutes  at  60®  Fahr.,  will  remain 
quite  fluid  for  twenty  minutes,  at  the  temperature  of  40®  FAsat.,  and 
requires  upwards  of  an  hour  for  complete  coagulation. 

I)uring  the  coagulation  of  the  Ui»od,  a  quantity  of  caloric  is  dis- 
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engptged.  Fourcrot  relates  an  experiment,  in  which  the  thermo- 
meter rose  DO  less  than  11^  during  the  process;  but  as  certain  ex- 
3periments  of  Hunteb,  appeared  to  show,  that  no  elevation  of  tem- 
perature occurred,  the  observation  of  Fourcroy  was  disregarded. 
It  has,  however,  been  confirmed  by  some  experiments  of  the  late 
Dr.GoRDON,  of  Edinburgh,  in  which  the  evolution  of  caloric,  dur- 
ing coagulation,  was  rendered  more  manifest,  by  moving  the  ther- 
mometer during  the  formation  of  the  clot,  first  into  the  ooa- 
Slated,  and  afterwards  into  the  fluid,  part  of  tiie  blood,  when  he 
ind,  that,  by  this  means,  he  could  detect  a  difference  of  6^; 
which  continued  to  be  manifested  for  twenty  minutes  after  the  pro- 
cess had  commenced.  In  repeating  the  experiment  on  blood, 
taken  from  a  person  labouring  under  inflammatory  fever,  the  ther- 
mometer was  found  to  rise  12^.  Sir  C.  Scitdahore  afSrms,  that 
the  rate  at  which  blood  cools  is  distinctly  slower  than  it  would  be^ 
were  no  caloric  evolved ;  and  that  he  observed  the  thermometer  to 
rise  one  degree  at  the  commencement  of  coagulation.  On  the  other 
hand.  Dr.  John  Davy  accords  with  Hunter  in  the  belief,  that 
the  increase  of  temperature,  from  this  cause,  is  very  slight  or 
DolI.  tdgain  we  have  to  deplore  the  discordance  amongst  ob- 
servers; and  it  will  perhaps  have  struck  the  reader  more  than  once, 
that  such  discordance  applies  as  much  to  topics  of  direct  observa- 
tion as  to  those  of  a  theoretical  character.  The  discrepance,  re- 
garding anatomical  and  physical  facUy  is  even  more  glaring  than 
that  which  prevails  amongst  physiologists  in  accounting  for  the 
corporeal  phenomena;  a  circumstance  which  tends  to  confirm  the 
notion  promulgated  by  one  of  the  most  distinguished  teachers  of 
his  day,  that  <^  there  are  more  false  facts  in  medicine,  (and  the  re- 
mark might  be  extended  to  the  collateral  or  accessary  sciences,) 
than  false  theories. '^ 

There  are  certain  substances,  again,  which,  when  added  to  the 
blood,  prevent  or  retard  its  coagulation.  Hewson  found,  that  the 
sulphate  and  muriate  of  soda,  and  the  nitrate  of  potassa  were  amongst 
the  most  powerful  salts  in  this  respect  The  muriate  of  ammonia 
and  a  solution  of  potassa  have  the  same  effect  On  the  contrary,  the 
coagulation  is  promoted  by  alum,  and  by  the  sulphates  of  zinc  and 
copper.  How  tiiese  salts  act  on  the  fibrine,  so  as  to  prevent  its  par- 
ticles from  coming  together,  it  is  not  easy  to  explain.  But  these 
are  not  the  only  inscrutable  circumstances  that  affect  the  coagula- 
tion of  the  blood.  Many  causes  of  sudden  death  have  been  consi- 
dered to  have  this  effect: — ^lightning  and  electricity;  a  blow  upon 
the  stomach ;  injury  of  the  brain ;  the  bites  of  venomous  animals ; 
certain  narcotico-acrid  vegetable  poisons ;  also  excessive  exercise 
and  violent  mental  emotions,  when  they  suddenly  destroy,  &c. 
Many  of  these  afiBrmations  doubtless  rest  on  insufficient  proo£ 
Sir  C.  SciTDAMORS,  for  example,  asserts  that  lightning  has  not  this  • 
effect  Blood,  throush  which  electric  discharges  were  transmitted, 
coagulated  as  quickTy  u  that  which  wu  not  electrified ;  and,  in 
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animalf  y  killed  by  the  discharge  of  a  powerful  galvanic  battery,  HA 
blood  ia  the  veins  was  always  found  in  a  solid  state. 

We  shall  find,  hereafter,  that  these  affirmations  have  been  con* 
mdered  evidence  ^at  the  blood  may  be  killed;  and,  consequently, 
that  it  is  possessed  of  life.  The  whole  phenomena,  indeed,  of  eoa- 

Klation,  inexplicable  in  the  present  state  of  our  knowledge,  have 
en  invoked  to  prove  this  position.  The  preservation  of  the  fluid 
state,  whilst  circulating  in  the  vessels,  although  agitation,  when 
it  is  out  the  body,  does  not  prevent  its  coagulation,  has  been 
regarded,  of  itself,  sufficient  evidence  in  lavour  of  the  doctrine. 
Dr.  BosTOCK,  indeed,  asserts,  that  perhaps  the  roost  obvious  and 
consistent  view  of  the  subject  is,  that  fibrine  has  a  natural  disposi- 
tion to  assume  the  solid  form,  when  no  circumstance  prevents  it 
from  exercising  this  inherent  tendency.  As  it  is  gradually  added 
to  the  blood,  particle  by  particle,  whilst  that  fluid  is  in  a  state  of 
agitation  in  the  vessels,  it  has  no  opportunity,  he  conceives,  of  con- 
creting; but  when  it  is  sufiered  to  Heat  rest,  either  within  or  with- 
out the  vessels,  it  is  then  liable  to  exercise  its  natural  tendency.  It 
is  not  our  intention,  at  present,  to  enter  into  the  subject  of  the 
vitality  of  the  blood.  The  general  question  will  be  considered  in 
a  subsequent  part  of  this  work.  We  may  merely  observe,  that,  by 
the  generality  of  physiologists,  the  blood  is  presumed,  either  to  be 
endowed  with  a  principle  of  vitality,  or  to  receive  from  the  organs, 
with  which  it  comes  in  contact,  a  vital  impression  or  influence, 
which,  together  with  the  constant  motion,  counteracts  its  tendency 
to  coagulation.  Even  Magsndib, — who  is  unusually  and  properly 
chary  in  having  recourse  to  this  method  of  explaining  the  notutn 
per  ignotiuSf^--9&tm%y  that  instead  of  referring  the  coagulation  of 
the  blood  to  any  physical  influence,  it  should  be  considered  as  an 
essentially  vital  process;  or,  in  other  words,  as  afibrding  a  demon- 
strative proof,  that  the  blood  is  endowed  with  life. 

Lastly^ — within  a  few  years,  Vauqublin  has  discovered  in  the 
blood  a  considerable  quantity  of  a  fatty  matter ;  of  a  soft  consistence ; 
and  which  he,  at  first,  regarded  as  fat  Chevbeul,  however,  after 
careful  investigation,  has  declared  it  to  be  identical  with  the  matter 
of  the  brain  and  nerves,  and  to  form  the  singular  compound  of  an 
axoted  fat.  Prevost  and  Dumas  have  likewise  demonstrated 
the  existence  of  urea  in  the  blood  of  animals,  from  which  the 
kidneys  had  been  removed.  Chemical  analysis  is,  consequently, 
adding  daily  to  our  stock  of  information  on  this  matter ;  and  is 
exhibiting  to  us,  that  many  of  the  substances,  which  compose  the 
tissues,  exist  in  the  very  state  in  the  blood,  in  which  we  meet  with 
them  in  the  tissues. 

Other  facts  connected  with  the  vital  fluid ;  its  quantity,  &c.  will 
be  considered,  after  we  have  inquired  into  the  changes  produced 
on  the  venous  blood  in  the  lungs,  through  the  agency  of  respira- 
tion. 
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^  Physiology  of  Venoua  Msorption. 

Whilst  the  opinion  prevailed  universally,  that  the  lymphatics  ire 
tlie  sole  agents  of  absorption ;  the  fluid,  circulating  in  the  veins, 
i¥as  considered  to  consist  entirely  of  the  residue  of  the  arteriid 
blood,  after  it  had  passed  through  the  capillary  system,  and  been 
subjected  to  the  different  nutritive  processes  there  effected.  We 
have  already  seen,  however,  that  the  drinks  are  absorbed  by  the 
mesenteric  veins;  and  we  shall  hereafter  find,  that  various  other 
substances  enter  the  venous  system  by  absorption.  It  is  obvious, 
therefore,  that  the  venous  blood  cannot  be  simply  the  residue  of 
arteritl  blood;  and  we  can  thus  account  for  the  greater  capacity  of 
the  venous  system  than  of  the  arterial. 

The  facts  that  were  referred  to,  when  considering  the  absorption 
of  fluids  from  the  intestinal  canal,  may  have  been  sufficient  to 
show,  that  the  veins  are  capable  of  absorbing;  as  the  odorous  and 
colouring  properties  of  substances  were  distinctly  found  in  the 
mesenteric  veins.  A  question  arises,  whether  any  vital  elaboration 
is  concerned,  as  in  the  case  of  the  chyle,  or  whether  the  fluid,  when 
it  attains  the  interior  of  the  vessel,  is  not  the  same  as  without? 
Ai>Bi.oir9 — ^who,  with  many  of  the  German  physiologists,  believes 
in  both  venous  and  lymphatic  absorption,  and  venoas  and  chyli* 
£eroas  absorption, -^conceives,  that  a  vital  action  takes  place  at  the 
very  mouths  of  the  venous  radicles,  precisely  similar  to  that  which 
is  presumed  to  be  exerted  at  the  mouths  of  the  lymphatic  and  chy- 
lifisrotis  radicles.  In  his  view,  consequently,  an  action  of  elabora- 
tion is  ^certed  upon  the  fluid,  which  becomes,  in  all  cases,  con* 
verted  into  venous  blood,  at  the  very  moment  of  absorption^  u 
ehyle  and  lymph  are  elaborated  under  similar  circumstances. 

On  the  other  hand,  Maoeitdie,  Fodbka  and  others  maintain, 
that  the  substance  soaks  through  the  vessel,  when  possessed  of  the 
necessary  tenuity;  that  this  act  of  imbibition  is  purely  physical, 
and  consists  in  the  introduction  of  the  absorbed  materials  through 
the  pores  of  the  veins  by  capillary  attraction.  In  his  view,  there- 
fore, the  fluid  within  the  vessel  should  be  the  same  as  that 
without. 

In  favour  of  the  vital  action  of  the  veins  we  have  none  of  that 
evidence,  which  strikes  us  in  regard  to  the  chyliferous  and  lym- 
phatic vessels.  In  these  last  we  invariably  find  fluids,  identical, — in 
all  essential  respects,^n  sensible  and  chymical  characters;  and 
never  containing  extraneous  matter,  if  we  make  abstraction  of  cer^ 
tain  salts,  which  have  been  occasionally  met  with  in  the  thoracic 
duct  In  the  veins,  on  the  other  hand,  the  sensible  properties  of 
odorous  and  colouring  substances  have  been  apparent  But,  it  may 
be  remarked,  the  fluid,  flowing  in  the  veins,  is  as  identical  in  com- 
position as  the  chyle  or  the  lymph ;  this  is  true.  It  must,  how- 
ever, be  recollected,  that  the  greater  part  of  it  is  the  residue  of  the 
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arterial  blood ;  and  that  its  hue  and  other  sensible  properties  are 
such  as  to  disguise  any  absorbed  fluid,  not  itself  possessing  strong 
characteristics.  The  fact  then,  now  indisputable,  that  various  sub- 
stances, placed  outside  the  veins,  have  been  detected  in  the  blood 
within,  is  not  only  a  proof,  that  the  veins  absorb;  but  that  no  action 
of  elaboration  has  been  exerted  on  the  absorbed  fluid.  Of  this  we 
have  the  nnost  manifest  proof,  in  some  experiments  by  Maoendie, 
in  the  last  edition  of  his  Pricis  Elimentaire  de  Fhysiologie.  In 
exhibiting  to  his  class  the  mode,  in  which  medicines  act  upon  the 
system,  he  showed,  on  a  living  animal,  the  efiects  of  introducing 
a  quantity  of  water,  of  the  temperature  of  104^  Fah.,  into  the 
veins.  In  performing  this  experiment,  it  occurred  to  him  to  notice 
what  would  be  the  efleet,  produced  by  artificial  plethora  on  the 
phenomena  of  absorption.  Having  injected  nearly  a  quart  of  water 
into  the  veins  of  a  dog  of  middle  size,  he  placed  in  the  cavity  of 
the  pleura  a  small  dose  of  a  substance  with  the  effects  of  which  he 
was  familiar,  and  was  struck  with  the  fact,  that  these  did  not  ex- 
hibit themselves  for  several  minutes  after  the  ordinary  period.  He 
immediately  repeated  the  experiment,  and  with  a  like  result  la 
several  other  experiments,  the  effects  appeared  at  the  ordinary 
time,  but  were  manifestly  feebler  than  they  ought  to  have  been 
from  the  dose  of  the  substance  employed,  and  were  kept  up  much 
longer  than  usual. 

In  another  experiment,  having  introduced  as  much  water  as  ihe 
animal  could  bear  without  perishing,»-which  was  about  two  quarts, 
—the  effects  did  not  occur  at  all.  After  having  waited  nearly  half 
an  hour  for  their  development,  which  generally  required  only 
about  two  minutes,  he  inferred,  that  if  the  distention  of  the  blood- 
vessels was  the  cause  of  the  defect  of  absorption;  provided  the 
distention  were  removed,  absorption  ought  to  take  place.  He  im- 
mediately bled  the  animal  largely  in  the  jugular;  and,  to  his  great 
satisfaction,  found  the  effects  manifesting  themselves  as  the  blood 
flowed. 

He  next  tried,  whether,  if  the  quantity  of  blood  were  diminished 
at  the  commencement  of  the  experiment,  absorption  would  be  more 
rapid ;  and  the  result  was  as  he  anticipated.  An  animal  was  bled 
to  the  extent  of  about  half  a  pound  ;  and  the  effects,  which  did  not 
ordinarily  occur  until  after  the  second  minute,  appeared  before 
the  thirtieth  second.  As  the  results  of  these  experiments  seemed  to 
show,  that  absorption  is  evidently  in  an  inverse  ratio  to  the  degree 
of  vascular  distention,  Magendie  inferred,  that  it  is  effected  phy- 
sically;  is  dependent  upon  capillary  attraction;  and  that  it  ought 
to  take  place  as  well  after  death  as  during  life.  To  prove  this  he 
instituted  the  following  experiments : — 

He  took  a  portion  of  the  external  jugular  vein  of  a  dog,  about 
an  inch  long  and  devoid  of  branches.  Removing  carefully  the 
surrounding  cellular  tissue,  he  attached  to  each  of  its  extremities  a 
glass  tube,  by  means  of  which  he  kept  up  a  current  of  warm  water 
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within  it.  He  then  placed  the  vein  in  a  slightly  acid  liquor, 
and  carefully  collected  the  fluid  of  the  current  During  the  first 
few  minutes,  the  fluid  exhibited  no  change ;  but,  in  five  or  six  mi- 
nutes, it  became  sensibly  acid.  This  experiment  was  repeated  on 
▼eins  taken  from  the  human  subject,  with  the  same  results;  and 
not  only  with  veins  but  with  arteries.  Similar  experiments  were 
next  made  on  living  animals.  He  took  a  young  dog,  about  six 
weeks  old,  whose  vessels  were  thin,  and,  consequently,  best  adapt- 
ed for  the  success  of  the  experiment,  and  exposed  one  of  its  jugu- 
lar veins.  This  he  dissected  entirely  from  surrounding  matter,  and 
especially  from  the  cellular  tissue  and  the  minute  vessels,  that  rami- 
fied upon  it,  and  placed  it  upon  a  card  in  order  that  there  might 
be  no  point  of  contact  between  it  and  the  surrounding  parts.  He 
then  let  fall  upon  its  surface  and  opposite  the  middle  of  the  card,  a 
thick,  watery  solution  of  nux  vomica, — a  substance,  which  exerts 
a.  powerful  action  upon  dogs.  He  took  care  that  no  particle  of  the 
poison  touched  any  thing  but  the  vein  and  card,  and  that  the  course 
of  the  blood,  within  the  vessel,  was  free.  Before  the  end  of  three 
minutes,theefiects,  which  he  expected,  appeared,  at  first  feebly,  but 
afterwards  with  so  much  activity,  that  he  had  to  prevent  fatal  re- 
sults by  inflating  the  lungs. 

The  experiment  was  repeated  on  an  older  animal  with  the  same 
effects;  except  that,  as  might  be  expected,  they  were  longer  in 
exhibiting  themselves,  owing  to  the  greater  thickness  of  the  pa- 
rietes  of  the  veins. 

Satisfied,  as  regarded  the  veins,  he  now  directed  his  attention 
to  the  arteries;  and  with  like  results.  They  were,  however,  slower 
in  appearing  than  in  the  case  of  the  veins,  owing  to  the  tissue  of 
the  arteries  being  less  spongy  than  that  of  the  veins.  It  required 
more  than  a  quarter  of  an  hour  for  imbibition  to  be  accomplished. 

In  one  of  the  rabbits,  which  died  under  the  experiment,  they  had 
an  opportunity  of  discovering,  that  the  absorption  could  not  have 
been  effected  by  any  small  veins,  that  had  escaped  dissection. 
One  of  the  carotids — the  subjectvesselof  theexperiment— was  taken 
from  the  body ;  when  the  small  quantity  of  blood,  adherent  to  its 
inner  surface,  was  found  by  Magendis,  and  his  friends  who 
assisted  at  the  experiment,  possessing  the  extreme  bitterness,  which 
characterizes  the  nuK  vomica. 

These  experiments  were  sufficient  to  prove  the  fact  of  imbibition 
fay  the  large  vessels,  both  in  the  dead  and  the  living  state.  His  atten- 
tion was  now  directed  to  the  small  vessels,  which  seemed,  apriorif 
lavoorable  to  the  same  action,  from  their  delicacy  of  organization. 
He  took  the  heart  of  a  dog,  which  had  died  the  day  before ;  and 
iiyected,  into  one  of  the  coronary  arteries,  water  at  the  temperature 
of  86*^  of  Fah.  The  water  readily  returned  by  the  coronary 
vein  into  the  right  auricle,  whence  it  was  allowed  to  flow  into  a  ves- 
fltl.  Half  an  ounce  of  water,  slightly  acidulated,  was  now  placed 
in  the  pericardium.    At  firsts  the  injected  fluid  did  not  exhibit  any 
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aigns  gf  acidity;  bot^infiiFeor  fixraiDiitoa^thecvideddesof  itVviare 
miequivoea]. 

FrMEi  these  facts,  MAasKBis  draws  the  too  exclusive  deduction^ 
that  ^'  all  blood-vessels,  arterial  and  venous,  dead  or  living,  large 
or  small,  possess  a  physical  property,  capable  of  perfectly  accoiMt- 
log  for  the  principal  phenomena  of  absorption.''  We  shall  endea* 
Tour  to  show,  that  it  explains  only  certain  varieties  of  absorption^--* 
those  in  which  the  vessel  receives  the  fluid  unmodified,-^but  tjiat  it 
is  unable  to  account  for  absorptions,  in  which  an  action  of  aelec^ 
tion  and  elaboration  is  necessary. 

Since  these  experiments  were  performed  others  have  been  in- 
stituted by  MM.  Seg-alas  and  Fod£ra;  from  which  the  latter 
physiologist  attempts  to  show,  tliat  exhabtioa  is,  sinnply,  iransth^ 
dation  of  substances  from  the  interior  of  vessels  to  the  exterior ; 
and  that  absorpiion  is  imbibiiiony  or  the  passage  of  fluids  from  the 
exterior  to  the  interior.  The  facts,  adduced  by  Fods&a  in  support 
of  his  views,  will  be  considered  under  the  head  of  secretion*  They 
chiefly  go  to  show  the  facility  with  which  substances  penetrate  the 
difierent  vascular  parietes  and  other  tissues  of  the  body;  an  action, 
which  be  found  to  be  singularly  accelerated  by  the  galvanic  influ- 
ence.    Some  prussiate  of  potassa  was  injected  into  the  cavity  of 
the  pleura;  and  sulphate  of  iron  was  introduced  into  the  abdomen 
of  a  living  animal.  Under  ordinary  circumstances,  it  requires  five 
or  six  minutes,  before  the  two  substances  meet  by  imbibition 
through  the  diaphragm;  but  the  admixture  is  instantaneous  if  the 
diaphragm  be  subjected  to  a  slight  galvanic  current  The  same  fact 
is  observed,  if  one  of  the  liquids  be  placed  in  the  urinary  bladder, 
and  the  other  in  the  abdomen;  or  the  one  in  the  lung,  and  the  other 
in  the  cavity  of  the  pleura*     It  was  farther  found,  that,  according 
to  the  direction  of  the  current,  the  Qnion  took  place  in  one  or  other 
cavity. 

Dr.  BosTocx,  in  commenting  on  these  cases,  thinks  it  must 
be  admitted,  that  they  ^^  go  very  far  to  prove  that  membranes, 
perhaps^  even  during  life^  and  certainly  after  death,  before  their 
teicture  is  visibly  altered,  have  the  power  of  permitting  the  transu- 
dation of  certain  fluids.''  That  such  imbibition  occum  during 
life,,  appears  to  us  indisputably  proved.  If  the  dear  and  deci- 
sive experiments  of  Maoendie  and  Fodbra  do  not  establish 
it;  the  additional  testimony,— afforded  by  Lawrehoe,  Coatxs 
and  Harlan;  by  Dutrochet,  To&no,  Mitchell  and  others,*-^ 
commands  it  By  the  different  rates  of  penetrativeness  of  dif- 
ferent fluids,  and  of  permeability  of  different  tissues,  as  exhibited 
in  the  essays  of  the  last  gentleman,  we  can  eig>lain,  why  imbibi- 
tion may  occur  in  one  set  of  vessels  and  not  in  another;  and  why 
there  may  not  be  the  same  tendency  to  transude  from  the  vessel, 
after  they  have  entered  it  by  imbibition,  as  has  been  suggested  by 
Dr.  BosTOCK ;  indeed,  the  constant  current,  established  in  the  inte- 
rior of  the  vessel,  would  be  a  sufficient  reply  to  this  su^estion. 
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ADBX.0H9  again^  affirms^  that  we  ought,  under  the  view  of  imbi* 
bition,  to  find  imbibed  substances  in  the  arteries  and  lyxnphfttic% 
also.  A  sufficient  objection  to  this  would  be, — ^the  comparative 
tardiness,  with  which  the  former  admit  of  the  action,  and  the  selee** 
tion,  and,  consequently,  refusal,  exerted  by  the  latter ;  but  even 
here  we  occaaionally  find  evidences  of  adventitious  imbibition ; 
as  in  the  case  of  salts,  that  have  been  detected  in  the  thoracic  duet, 
when  introduced  into  the  cavity  of  the  abdomen. 

The  two  following  experiments  of  Dr.  Mitchsll,  which  are 
analogous  to  numerous  others,  that  have  been  performed,  in  the 
investigation  of  this  subject,  ratify  the  fact  of  imbibition  in  the  liv* 
ing  tissues. 

A  quantity  of  a  solution  of  acetate  of  lead  was  thrown  into  the 
peritoneal  cavity  of  a  young  cat ;  and  sulphuretted  hydrogen  was 
passed,  at  the  same  time,  into  the  rectum.  In  four  minutes,  the 
poisonous  gas  killed  the  animal.  Instantly  on  its  death,  the  peri- 
toneal coat  of  the  intestines,  and  the  parietes  of  the  cavity  in  con- 
tact  with  them  were  found  lined  with  a  metallic  precipitate,  which 
adhered  to  the  surface,  and  was  removable  hy  nitric  acid,  moderately 
diluted.  It  was  the  characteristic  precipitate  of  sulphuretted  hy- 
drogen, when  acting  on  lead. 

In  another  experiment  on  a  cat,  a  solution  of  acetate  of  lead 
was  placed  in  the  thorax,  and  sulphuretted  hydrogen  in  the  abdo- 
men. Almost  immediately  after  the  entrance  of  the  sulphuretted 
hydrogen  into  the  abdominal  cavity,  death  ensued.  On  inspecting 
the  thoracic  side  of  the  diaphragm,  which  was  done  as  quickly  as 
possible,  the  tendinous  part  of  it  exhibited  the  leaden  appearance 
of  the  precipitate  by  sulphuretted  hydrogen. 

It  may  be  concluded,  then,  that  all  the  living  tissues  imbibe  the 
liquid  matters  which  come  in  contact  with  them ;  and  that  the  same 
occurs  to  solid  matters,  provided  they  are  soluble  in  the  humours, 
and  especially  in  the  serum  of  the  blood. 

Within  the  last  few  years,  Dr.  Babrv,-— in  difierent  memoirs 
laid  before  the  JiccuUmie  Roy  ale  de  M£decine,  the  •ScadKmie 
Roy  alt  des  Sciences  of  Paris,  and  the  Medico-Chirurgical  Society 
of  London, — has  maintained,  that  the  whole  function  of  externsi 
absorption  is  a  physical  efiect  of  atmospheric  pressure ;  and  ''that 
the  circulation,  in  the  absorbing  vessels  and  in  the  great  veins,  de- 
pends upon  this  same  cause,  in  all  animals  possessing  the  power  of 
contracting  and  dilating  a  cavity,  around  that  point,  to  which  the 
centripetal  current  of  their  circulation  is  directed. ''  In  other  words, 
it  is  the  opinion  of  this  gentleman,  that,  at  the  time  of  inspiration, 
a  tendency  to  a  vacuum  is  produced  in  the  chest  by  its  expansion; 
and  as  the  atmospheric  pressure,  externally,  thus  ceases  to  be  coun- 
terbalanced, the  pressure  without  occasions  the  flow  of  blood 
towards  the  heart,  along  the  veins. 

The  consideration  of  the  forces,  that  propel  the  blood,  will  afford 
us  an  opportunity  of  saying  a  few  words  on  this  view ;  at  present. 

Vol-  II.  8 
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we  will  only  obsenre,  that  he  ascribes  absorption, — ^which  he  ex- 
plicitly states  to  be,  in  his  opinion,  extra  vital — to  the  same  cause. 
In  proof  of  this,  he  instituted  numerous  experiments,  in  which 
the  absorption  of  poisons  from  wounds  appeared  to  take  place  or  to 
be  suspended,  according  as  the  wounds  continued,  as  he  conceived, 
exposed  to  atmospheric  pressure,  or  were  freed  from  its  influence 
by  the  application  of  a  cupping-glass.  The  same  quantity  of  poi- 
son, which,  under  ordinary  circumstances,  destroyed  an  animal  ia 
a  few  seconds,  was  rendered  completely  innocuous  by  the  exhaust- 
ed vessel ;  and  what  is  singular,  even  when  the  symptoms  had 
commenced,  the  application  of  the  cupping-glass  had  the  effect  of 
speedily  and  completely  removing  them ; — a  fact  of  essential  im- 
portance in  its  therapeutical  relations. 

In  these  experiments,  it  would  appear,  that  the  poisonous  sub- 
stance was  inserted  into  a  wound,  and,  consequently,  immediately 
into  the  venous  blood,  with  which  it  passed  on  in  its  circulatory 
progress.  An  additional  action  would,  of  course,  be  required  to 
get  it  through  the  coats  of  a  sound  vessel.  In  such  case,  it  would 
have  to  penetrate  by  ordinary  imbibition;  and,  having  once  attain- 
ed the  interior  of  the  vessel,  its  farther  progress  would  be  identical 
with  that  of  the  circulating  fluid.  Such,  then,  seem  to  be  the  iGacts 
regarding  the  absorbent  action  of  the  veins,  which  rests  on  as 
strong  evidence  as  we  possess  regarding  any  of  the  functions  of 
the  body.  We  have  yet  to  inquire  into  the  agents  of  internal,  and 
adventitious  absorptions. 

Sect.  IV.— INTERNAL  ABSORPTION. 

On  this  point  but  few  remarks  will  be  necessary,  after  the 
exposition  of  the  different  vascular  actions,  concerned  in  ab- 
sorption. This  term,  comprehends,  as  we  have  already  remark- 
ed,— interstitial  abaorptiofif  and  the  absorption  of  recrement 
titialj  and  of  excrementitial  fluids, — The  first  comprises  the 
agency,  by  which  the  different  textures  of  the  body  are  decom- 
posed and  conveyed  into  the  mass  of  the  blood.  It  will  be  con- 
sidered more  at  length  under  the  head  of  Nutrition;  ihe  secondly 
that  of  the  various  fluids,  effused  into  cavities;  and  the  thirdy  that 
which  is  effected  on  the  excretions  in  their  reservoirs  or  excre- 
tory ducts. 

All  these  must  be  effected  by  one  of  the  two  sets  of  vessels,  pre- 
viously described; — the  lymphatics,  or  veins,  or  both.  We  have 
attempted  to  show,  however,  that  in  all  cases  an  action  of  selection 
and  elaboration  is  exerted  by  lymphatic  vessels ;  whilst  we  have 
no  evidence  of  such  action  in  the  case  of  the  veins.  It  would  fol- 
low, then,  that  all  those  varieties  of  internal  absorption,  in  which 
the  substance,  when  received  into  the  vessel,  possesses  different 
characters  from  those  it  had  when  without,  must  be  executed  by 
lymphatics;  whilst  those,  in  which  no  conversion  occurs,  take 
place  by  the  veins.     In  the  constant  absorption  and  corresponding 
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depofiitiony  which  is  incessantly  going  on  in  the  body,  the  solid 
parts  mast  be  reduced  to  their  elements,  and  a  new  compound  be 
formed ;  inasmuch  as  we  never  find  bone,  muscle,  cartilage,  mem- 
brane, &c.  existing  in  tliese  states  in  any  of  the  absorbed  fluids; 
snd  it  is  probable,  therefore,  that,  at  the  mouths  of  the  lymphatic 
▼easels,  they  are  all  converted  into  the  same  fluid — the  lymph-— 
as  the  heterogeneous  substances,  existing  in  the  intestinal  canal, 
aflbrd  to  the  lacteals  the  elements  of  a  fluid,  the  character  of  which 
is  always  identical.  On  the  other  hand,  when  the  recrementitial 
fluid  consists  simply  of  the  serum  of  the  blood,  more  or  less  dilut- 
ed, there  can  be  no  obstacle  to  its  passage  immediately  through  the 
coats  of  the  veins  by  imbibition,  and  to  its  absorption,  by  the  lym- 
phatic vessels  also.  In  the  case  of  the  excrementitious  fluids,  there 
is  reason  to  believe,  that  absorption  simply  removes  some  of  their 
aqueous  portions,  and  this,  it  is  obvious,  can  be  eflected  directly 
by  the  veins,  through  imbibition.  The  facts,  connected  with  the 
absorption  of  substances  from  the  interior  of  the  intestine,  have 
clearly  shown,  that  the  chyliferous  vessels  alone  absorb  chyle ;  and 
that  the  drinks  and  adventitious  substances  pass  into  the  mesenteric 
veins.  These  apply,  however,  to  external  absorption  only;  but 
similar  experiments  and  arguments  have  been  brought  forward  by 
the  supporters  of  the  two  opinions,  with  regard  to  substances  placed 
on  the  peritoneal  surface  of  the  intestine,  and  other  parts  of  the 
body.  Whilst  some  affirm,  that  they  have  entered  the  lymphatics, 
others  have  only  been  able  to  discover  them  in  the  veins.  John 
HuNTEB,  having  injected  water,  coloured  with  indigo,  into  the  pe- 
ritoneal cavity  of  animals,  saw  the  lymphatics,  a  short  time  after- 
wards, filled  with  a  liquid  of  a  blue  colour.  In  animals,  which  had 
died  of  pulmonary  or  abdominal  haemorrhage,  Mascaoki  found 
the  lymphatics  of  the  lungs  and  peritoneum  filed  with  blood;  and 
he  asserts,  that  having  kept  his  feet  for  some  hours  in  water,  swel- 
ling of  the  inguinal  glands  supervened,  with  transudation  of  a 
fluid  through  the  gland,  coryza,  &c.  Desoeksttss  observed  the 
lymphatics  of  the  liver  containing  a  bitter,  and  those  of  the  kidneys 
a  urinous,  lymph.  Soemmering  detected  bile  in  the  lymphatics 
of  the  liver;  and  milk  in  those  of  the  axilla.  Dufttytren  relates 
a  case,  which  Magendie  conceives  to  be  much  more  favourable  to 
the  doctrine  of  absorption  by  the  lymphatic  vessels  than  any  of  the 
others.  A  female,  who  had  an  enormous  tumour  at  the  upper  and 
inner  part  of  the  thigh,  with  fluctuation,  died  at  the  Hdtel  Dieu  of 
Paris,  in  1810.  A  few  days  before  her  death,  inflammation  occur- 
red in  the  subcutaneous  cellular  tissue  at  the  inner  part  of  the  tu- 
mour. The  day  after  dissolution,  Dctputtren  opened  the  body. 
On  dividing  die  integuments,  he  noticed  white  points  on  the  lips  of 
the  incision.  Surprised  at  the  appearance,  he  carefully  dissected 
away  some  of  the  skin,  and  observed  the  subcutaneous  cellular  tissue 
overrun  by  whitish  lines,  some  of  which  were  as  large  as  a  crow's 
qualL  These  were  evidently  lymphatics^  filled  with  puriform  mat- 
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ter.  The  glands  of  the  groin,  with  which  these  lymphatics  com- 
municated, were  injected  with  the  same  maUer.  The  lymphatics 
were  full  of  the  fluid,  as  far  as  the  lumbar  glands;  but  neither  these 
glands  nor  the  thoracic  duct  presented  any  trace  of  it 

On  the  other  hand,  multiplied  experiments  have  been  instituted, 
by  throwing  coloured  and  odorous  substances  into  the  great  carities 
of  the  body;  and  these  have  been  found  always  in  the  veins  and 
Bever  in  the  lymphatics. 

To  the  experiment  of  Hunter  objections  have  been  ui^d, 
similar  to  those  adduced  against  his  experiment  to  prove  the  absorp- 
tion of  milk  by  tiie  lacteals;  and  some  sources  of  fallacy  have  been 
pointed  out  The  blue  colour,  which  the  lymphatics  seemed  to 
him  to  possess,  and  which  was  ascribed  to  the  absorption  of 
indigo,  was  noticed  in  the  experiments  of  Messrs.  Hari.an, 
Lawrencr  and  Coates;  but  they  discovered  that  this  was 
an  optical  illusion.  What  they  saw  was  the  faint  blue,  which  trans- 
parent substances  assume,  when  placed  over  dark  cavities.  Mr. 
Herbert  Mayo  has,  also,  affirmed,  that  the  chyliferous  lymphatics 
idways  assume  a  bluish  tint  a  short  time  after  death,  even  when  the 
animal  has  not  taken  indigo.  The  cases  of  purulent  matter,  &c. 
found  in  the  lymphatics,  may  be  accounted  for  by  the  morbid  action 
having  produced  disorganization  of  the  vessel,  so  that  the  fluid 
could  enter  the  lymphatic  directly;  and,  if  once  within^  its  pro- 
gression can  be  readily  understood. 

Lastly,  Maoekdie  affirms,  that  DnFUYTREN  and  himself  per- 
formed more  than  one  hundred  and  fifty  experiments,  in  which 
they  submitted  to  the  absorbent  action  of  serous  membranes  a  num- 
ber of  di£ferent  fluids,  and  never  found  any  of  them  within  the 
lymphatic  vessels.  The  substances,  thus  introduced  into  the  serous 
cavities,  produced  their  efiects  more  promptly,  in  proportion  to  the 
rapidity,  with  which  they  are  capable  of  being  absorbed.  Opium 
exerted  its  narcotic  influence,  wine  produced  intoxication,  &c  and 
Maoshdie  found,  from  numerous  experiments,  that  the  ligature 
of  the  thoracic  duct  in  no  respect  diminished  the  promptitude,  with 
which  these  efiects  appeared. 

The  partisans  of  lymphatic  absorption,  however,  affirm,  that 
even  if  these  substances  are  met  with  in  the  veins,  it  by  no  means 
follows,  that  absorption  has  been  eflected  by  that  order  of  vessels; 
for,  as  we  have  seen,  the  lymphatics,  they  assert,  have  frequent 
communications  with  the  veins;  and,  consequently,  they  may  still 
absorb  and  convey  their  products  into  the  venous  system. 

In  reply  to  this,  is  may  be  urged,  that  all  the  vessels — arterial, 
venous,  and  lymphatic— appear  to  have  communicatioa  with  each 
other;  but  that  tfiere  is  no  reason  to  believe,  that  the  distinct  of- 
fices, performed  by  them,  are,  under  ordinary  circumstances,  inter- 
fered with.  .  And,  again,  where  would  be  the  necessity  for  these 
intermediate  lymphatic  vessels,-— the  existence  of  which  has  never 
been  demonstrated,-— seeing  that  imbibition  is  so  readily  eflected 
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hj  the  Teiiii.  The  axiom — quod  fieri  potest  per  pa^tca^non  debet 
fieri  per  muItOy — is  here  strikingly  appropriate.  The  lynphatiefy 
tooy  as  we  have  endeavoured  to  show,  exert  an  action  of  selection 
and  elaboration  on  the  substances  exposed  to  their  agency;  but,  in 
the  case  of  venous  absorption,  we  have  not  the  slightest  evidence 
that  any  such  selection  exists,— odorous,  and  coloured  substances 
retaining,  within  the  vessel,  the  properties  they  had  without 
Lastly,  where  would  be  the  use  of  the  distinct,  lymphatic  circula* 
tion  opening  into  the  thoracic  duct,  seeing  that  the  absorbed  mat- 
ters might  enter  the  various  venous  trunks  directiy  through  these 
supposititious,  communicating  lymphatics;  and  ought  we  not  oe» 
casionally  to*  be  able  to  detect,  in  the  lymphatic  trunks,  at  least 
some  evidence  of  those  substances,  which  their  fellows  are  supposed 
to  take  up  and  convey  into  the  veins?  These  carrier  lymphatics 
have  obviously  been  devised  to  support  the  tottering  fabric  of  lym«> 
phatic  absorption ;  undermined,  as  it  has  been,  by  the  powerful 
facts  and  reasonings,  that  have  been  adduced  in  favour  of  absorp- 
tion by  the  veins. 

It  would  result,  then,  from  the  whole  of  the  preceding  history 
of  absorption,  that  we  are  of  opinion,  that  the  chyliferous  and  lym- 
phatic vessels  form  only  chyle  and  lymph,  refusing  all  other  sub^ 
stances;  that  the  veins  admit  every  liquid,  which  possesses  the 
necessary  tenuity ;  and  that,  whilst  all  the  absorptions,  which  re* 
quire  the  substance,  acted  upon,  to  be  decomposed  and  transfonn- 
ed,  are  ^ected  by  the  chyliferous  and  lymphatic  vessels;  those  that 
demand  no  alteration  are  accomplished  directiy  through  the  coats 
of  the  veins  by  imbibition;  and  we  shall  see,  that  such  is  the 
case  with  several  of  the  transudations  or  exhalations. 

SitoT.  V— ACCIDENTAL  ABSORPTION. 

The  various  experiments,  to  whidi  reference  has  been  made, 
have  shown,  that  many  substances,  adventitiously  introduced  into 
various  cavities,  or  placed  in  contact  with  different  tissues,  have 
been  rapidly  absorbed  into  the  blood,  without  eiqieriencing  any 
transfonaation. 

Within  certain  limits,  the  external  envelope  of  the  body  admits 
of  this  function;  but  by  no  means  to  the  same  extent  as  its  {NK>lon- 
g^tion,  which  lines  the  different  excretory  canals.  The  absorption  of 
drinks  is  sufficient  evidence  of  the  activity  of  the  function,  as  re- 
gards the  gastro-intestinal  mucous  membrane.  The  same  may  be 
said  of  the  pulmonary  mucous  membrane.  Through  it,  the  oxygen 
passes  to  reach  the  blood  in  the  lungs,  as  well  as  the  carbonic  acid 
m  its  way  outwards.  Aromatic  substances,  such  as  spirit  of  tur- 
pentine, breathed  for  some  time,  are  detected  in  the  urine;  proving 
that  their  aroma  has  been  absorbed;  and  it  is  in  this  way,  that 
contagious  miasmata  probably  produce  their  pestiferous  agency. 
Not  only  do  the  tissues,  as  we  have  seen,  sufier  imbibition  by  fluids, 
bat  by  gases  also;  the  experiments  of  Chaussub^  and  Mitchbll 
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aitonishing  us  by  the  rapidity  aad  singularity  of  their  passage 
through  the  various  tissues; — ^the  rapidity  varying  according  to  the 
permeability  of  the  tissue,  and  the  pMcnetrative  power  of  the  gas. 

On  the  subject  of  cutaneous  absorptiotif  much  difference  of 
opinion  has  prevailed ;  some  asserting  it  to  be  possible  to  such  an 
extent)  that  life  might  be  preserved,  for  a  time,  by  nourishing 
baths.  It  has  also  been  repeatedly  affirmed,  that  the  rain  has  calmed 
the  thirst  of  shipwrecked  mariners,  who  have  been,  for  some  time, 
deprived  of  a  supply  of  water.  It  is  obvious,  from  what  we  know 
of  absorption,  that,  in  the  first  of  these  cases,  the  water  only  could 
be  absorbed ;  and  even  the  possibility  of  this  has  been  denied  by 
many.  Under  ordinary  circumstances,  it  can  happen  to  a  trifling 
extent  only,  if  at  all ;  but,  in  these  extraordinary  cases,  where  the 
system  has  been  long  devoid  of  its  usual  «upplies  of  moisture,  and 
where  we  have  reason  to  believe,  that  the  energy  of  absorption  is 
increased,such  imbibition  may  be  possible.  Sanctorius,  Von  Gor- 
TSR,  Kbill,  Mascagki  and  others  believe,  that  this  kiml  of  absorp- 
tion is  not  only  frequent  but  easy.  It  has  been  affirmed,  that,  after 
bathing,  the  weight  of  the  body  has  been  manifestly  augmented; 
and  the  last  of  these  individuals  has  adduced  many  facts  and  argu- 
ments to  support  the  position.  Bichat  was  under  the  impression, 
that,  in  this  way,  he  imbibed  the  tainted  air  of  the  dissecting-room, 
in  which  he  passed  a  large  portion  of  his  time.  To  avoid  an 
objection,  that  might  be  urged  against  this  idea, — that  the  miasmata 
might  have  been  absorbed  by  the  air-passages, — he  so  contrived  his 
experiment,  as,  by  means  of  a  long  tube,  to  breathe  the  fresh  outer 
air,  and  he  found,  that  the  evidence,  which  consisted  in  the  alvine 
evacuations  having  the  smell  of  the  miasmata  of  the  dissecting- 
room,  still  continued.  It  is  obvious,  however,  that  such  an  experi- 
ment would  hardly  admit  of  satisfactory  execution.  J.  Bradner 
Stuart  found,  after  bathing  in  infusions  of  madder,  rhubarb,  and 
turmeric,  that  the  urine  was  tinged  with  these  substances.  A  gar- 
lie  plaster  affected  the  breath,  when  every  care  was  taken,  by 
breathing  through  a  tube  connected  with  the  exterior  of  the  apart- 
ment, that  the  odour  should  not  be  received  into  the  lungs.  Dr.  Tho- 
mas SxwELL  found  the  urine  coloured,  after  bathing  the  feet  in 
infusion  of  madder,  and  Uie  hands  in  infusions  of  madder  and 
rhubarb.  Dr.  Mussey  proved,  that  if  the  body  be  immersed  in 
a  decoction  of  madder,  the  substance  may  be  detected  in  the  urine, 
by  using  the  appropriate  alkaline  tests;  and  Dr.  John  Edwards  of 
Paris  is,  also,  in  favour  of  absorption  being  carried  on  by  the  skin 
to  a  considerable  extent 

To  deny  cutan*bous  absorption  altogether  is  impossible.  It  is  one 
of  the  ways,  in  fact,  by  which  we  introduce  one  of  our  most  active 
remedial  agents  into  the  system, — and  it  has  not  unfrequently  hap- 
pened, where  due  caution  has  not  been  used,  that  the  poisonous  ef- 
fects of  different  mineral  and  other  poisons  have  been  developed  by 
their  application  to  the  surface, but  it  isby  no  means  common  or  easy, 
when  the  cuticle  is  sound,  unless  the  substance  employed  possesses 
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anusaally  penetrating  properties.  Chattssixr  found,  that  to  kill 
an  anima],  it  is  sufficient  to  make  sulphuretted  hydrogen  gas  act  on 
the  surface  of  the  body,  taking  care  that  none  gets  into  the  air- 
passages:  the  researches  of  Dr.  Mitchell  have  also  shown,  that 
this  gas  is  powerfully  penetrant  Unless,  however,  the  substances, 
in  contact  with  the  epidermis,  are  of  such  a  nature  as  to  attack  its 
cbymical  composition,  there  is  usually  no  sensible  absorption. 

It  is  only  of  comparatively  late  years,  that  physiologists  have 
ventured  to  deny,  that  the  water  of  a  bath,  or  the  moisture  from  a 
damp  atmosphere,  is  taken  up  under  ordinary  circumstances;  and 
if,  in  such  cases^  the  body  appears  to  have  increased  in  weight,  it 
is  affirmed,  and  with  great  appearance  of  truth,  that  this  is  owing 
to  some  diminution  in  the  cutaneous  transpiration.     It  is,  indeed, 
probable,  that  one  great  use  of  the  epidermis  is  to  prevent  the  in- 
conveniences to  which  we  should  necessarily  be  liable,  were  such 
absorption  easy.     This  is  confirmed  by  the  fact,  that  if  the  skin  be 
deprived  of  the  epidermis,  and  the  vessels,  which  creep  on  the 
outer  surface  of  the  true  skin,  be  thus  exposed,  absorption  occurs 
as  rapidly  as  elsewhere.     To  insure  this  result  in  inoculation  and 
vaccination,  the  matter  is  always  placed  beneath  the  cuticle ;  and, 
indeed,  the  small  vessels  are  generally  slightly  wounded^  so  that 
the  virus  gets  immediately  into  the  venous  blood. 

Seguin  instituted  a  series  of  experiments  to  demonstrate  the 
absorbent  or  non-absorbent  action  of  the  skin.  His  conclusion  was, 
that  water  is  not  absorbed,  and  that  the  epidermis  is  a  natural  ob- 
stacle to  that  action.  To  discover  whether  this  was  the  case  as  re- 
g^ed  other  fluids,  he  made  trial  of  some  individuals  labouring 
under  venereal  affections.  These  persons  immersed  their  feet  and 
legs  in  a  bath,  composed  of  sixteen  pints  of  water  and  three 
drachms  of  corrosive  sublimate,  for  an  hour  or  two,  twice  a  day. 
Thirteen,  subjected  to  the  treatment  for  twenty-eight  days,  gave 
no  signs  of  absorption;  the  fourteenth  was  manifestly  affected,  but 
he  had  itchy  excoriations  on  the  legs ;  and  the  same  was  the  case 
with  two  others.  Asa  general  principle,  absorption  exhibited  itself 
in  those  only  whose  epidermis  was  not  in  a  state  of  integrity.  At 
the  temperature  of  74°  Fahrenheit,  however,  the  sublimate  was 
occasionally  absorbed,  but  never  the  water. 

From  other  experiments  of  Seouin,  it  appeared  evident,  that 
the  most  irritating  substances,  and  those  most  disposed  to  combine 
with  the  epidermis,  were  partly  absorbed,  whilst  others  were  ap- 
parently not 

Having  weighed  a  drachm,  (seventy-two  grains,  poids  de 
marc,)  of  calomel,  and  the  same  quantity  of  camboge,  scam- 
mony,  salt  of  alembroth  and  tartar  emetic,  Seouin  placed  an 
individual  on  his  back,  washed  the  skin  of  the  abdomen  care- 
fully, and  applied  to  it  these  substances,  at  some  distance  from 
each  other,  covering  each  with  a  watch-glass,  and  maintaining 
the  whole  in  situ  by  a  linen  roller.    The  heat  of  the  room  was 
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kept  at  6SP.  SmamK  did  not  leave  the  patient,  in  order  that  the 
sabstances  should  not  be  displaced ;  and  he  protracted  the  experi- 
ment to  ten  hours  and  a  quarter.  The  glasses  were  then  remoyed, 
and  the  substances  carefully  collected  and  weighed.  The  calomel 
was  reduced  to  71  1-3  grains.  The  scammony  weighed  713-9; 
the  camboge^  71 ;  the  salt  of  alembroth,  62  grains;*  and  the  tartar 
emetic  67  grains. 

It  requires,  then,  in  order  that  matters  shall  be  absorbed  by  the 
skin,  that  they  shall  be  kept  in  contact  with  it,  so  as  to  penetrate 
through  its  pores,  or  through  the  channels  by  which  the  cutaneous 
transpiration  exudes;  or  else  that  they  shall  be  forced  through  it 
by  friction, — the  mode  adopted  for  introducing  mercury  into  the 
system.  In  this  way,  the  substance  comes  in  contact  with  the  cu- 
taneous veins,  and  enters  them,  probably  by  imbibition. 

Nearly  about  the  period  that  Seouin  was  engaeed  in  his  experi- 
ments. Dr.  Rousseau,  of  Philadelphia,  contested  the  existence  of 
absorption  through  the  epidermis,  and  attempted  to  show,  in  op- 
position to  the  experiments  we  have  detailed,  that  the  pulmonary 
organs,  and  not  the  skin,  are  the  passages  by  which  certain  sub- 
stances enter  the  system.  By  cutting  off  all  communication  with 
the  lungs,  which  he  eflEected  by  breathing  through  a  tube,  commu- 
nicating with  the  atmosphere  on  the  outside  of  the  chamber,  he 
found,  that,  although  the  surface  of  the  body  was  bathed  with  the 
juice  of  garlic  or  the  spirit  of  turpentine,  none  of  the  qualities  of 
these  fluids  could  be  detected,  either  in  the  urine,  or  in  the  serum 
of  the  blood. 

From  subsequent  experiments,  performed  by  Dr.  Rousseau, 
assisted  by  Dr.  Samuel  fi.  Smith,  and  many  of  which  Professor 
Chapman  witnessed,  the  following  results  were  deduced.  Firsty 
That  of  all  the  substances  employed,  madder  and  rhubarb  are  those 
only  that  affect  the  urine ;  the  latter  of  the  two  more  readily  enter- 
ing the  system ;  and  secondly,  that  the  power  of  absorption  is 
limited  to  a  very  small  portion  of  the  surface  of  the  body.  The 
only  parts,  indeed,  that  seemed  to  possess  it,  were  the  spaces  between 
the  middle  of  the  thigh  and  hip,  and  between  the  middle  of  the 
arm  and  shoulder. 

Topical  bathing,  with  a  decoction  of  rhubarb  or  madder,  and 
poultices  of  these  substances,  applied  to  the  back,  abdomen,  sides, 
or  shoulders,  produced  no  change  in  the  urine ;  nor  did  immersion 
of  the  feet  and  hands  in  a  bath  of  the  same  materials,  for  several 
hours,  afford  the  slightest  proof  of  absorption. 

From  all  the  above  facts, — sufficiently  discrepant  it  is  true, — we 
are  justified  in  concluding,  with  Professor  Chapman,  that  although 
the  subject  is  not,  perhaps,  absolutely  decided,  enough  has  been  done 
to  demonstrate,  that  cuticular  absorption  rarely  happens,  and  that 
whenever  it  does,  it  cannot  be  deemed  the  effort  of  a  natural  function. 

*  SaTeral  pimples  were  excited  on  the  part  to  which  it  was  applied. 
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Amongst  these  adventitious  absorptions  have  been  classed  all 
those,  exerted  upon  substances  retained  in  Iheir  excretory  ducts,  or 
situated  in  parts  not  natural  to  them.  The  bile,  arrested  in  one  of 
the  biliaiy  ducts,  affords  us,  in  jaundice,  a  familiar  example  of  such 
absorption,  and  of  the  positive  existence  of  the  bile  in  the  blood- 
vessels; although  the  yellow  colour  has  been  supposed,  by  some,  to 
be  caused  by  an  altered  condition  of  the  red  globules  of  the  blood, 
aed  not  to  the  presence  of  bile  in  the  blood-vessels.  This  condition 
of  the  red  globules  will  certainly  account  for  some  of  the  S3rmp- 
toms,-— as  the  yellow  colour  of  tiie  skin,  and  of  the  urine, — but  it 
does  not  explain  the  clayey  appearance  which  the  evacuations  pre- 
sent, and  which,  we  think,  has  been  properly  ascribed  to  the  ab- 
seoee  of  the  biliary  secretion.  We  have,  likewise,  examples  of 
this  kind  of  absorption,  where  blood  is  effused  into  the  cellular 
membrane,  as  in  the  case  of  a  common  bruise,  or  in  the  accumulation 
of  fluid  in  the  various  cavities,  all  of  which  are  found  to  disappear 
by  time;  and, probably,  entirely  through  the  agency  of  the  veins; 
—the  Betxms  portion  being  taken  up  finit,  with  some  of  the  colour- 
ing matter;  and,  ultimately,  the  fibrine.  In  the  case  of  an  accumu* 
latioo  of  the  serous  fluid,  which  naturally  lubricates  cavities,  it  is 
precisely  of  such  a  character  as  to  be  imbibed  with  facility ;  and 
probably  passes  into  the  veins,  in  this  manner;— -the  functions  of 
exhalation  and  absorption  consisting,  here,  of  simple  transudation 
and  imbibition. 

But  absorption  is  not  confined  to  these  fluids.  It  must,  of  course, 
be  exerted  on  all  morbid  deposits;  and  it  is  to  excite  the  action 
of  th^  absorbents,  that  our  remedial  means  are  directed ;  the  agents, 
belonging  to  this  dass,  being  termed  sorbe/adents.  This  absorp- 
tion is  of  the  interstitial  kind;  and,  as  the  morbid  formation  has 
probably  to  be  reduced  to  its  elements,  and  undergo  an  action  of 
elaboration,  it  ought  to  be  referred  to  lymphatic  agency. 

To  conclude  the  function  of  absorption: — ^All  the  products  we 
have  seen, — whether  the  absorption  may  have  been  chyliferous, 
lymphatic  or  venous,^ — are  united  in  the  venous  system,  and  form 
part  of  the  venous  blood.  This  fluid  must,  consequently,  be  varia- 
ble in  its  composition,  in  proportion  to  the  quantity  of  heteroge- 
neous materials  taken  up  by  the  veins,  and  the  activity  of  the 
chyliferous  and  lymphatic  absorptions.  It  is  also  clear  that,  be- 
tween the  parts  of  the  venous  system  into  which  the  supra-hepatic 
veins, — ^loaded  with  the  products  of  intestinal  absorption, — enter, 
and  the  opening  of  the  thoracic  duct  into  the  subclavian,  the  blood 
must  difier  materially  from  that  which  flows  in  other  parts  of  the 
system. 

All,  however,  undergo  admixture  in  their  passage  through  the 
heart ;  and  all  are  converted  into  arterial  blood  by  the  function, 
that  will  next  eng^  us, — that  of  Respiration. 
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The  coniideratioa  of  the  AiDction  of  abaerption  hai  shown  av 
how  the  different  products  of  nutritive  absorption  reach  the  yeoous 
blood.  By  simple  admixture  with  this  fluid  they  do  not  become 
converted  into  a  substance,  capable  of  supplying  the  losses,  sus- 
tained by  the  frame  from  the  different  ezciHions.  Nothing  is  bet- 
ter established  than  the  fact,  that  no  being,  and  no  part  of  any  be- 
ing, can  continue  its  functions  unless  supplied  with  blood,  which 
has  become  arterial,  by  passing  through  the  hings.  It  is,  then, 
in  these  organs,  that  Hie  absorbed  matters  undergo  their  final  con- 
yersion  into  that  fluid ; — by  a  function,  which  has  been  termed 
fmmatosia,  and  which  is  the  great  object  of  that  we  hare  now  to 
investigate — Respiration.  This  conversion  is  occasioned  by  the 
venous  blood  of  the  pulmonary  vessels  coining  in  contact  with 
the  air  in  the  air-cells  of  the  lungs,  during  which  contact,  the  blood 
gives  to  the  air  some  of  its  constituents,  and,  in  return,  the  air  parts 
with  gome  of  its  elements  to  the  blood. 

To  comprehend  this  mysterious  process,  we  must  be  acquainted 
with  the  pulmonary  apparatus,  as  well  as  with  the  properties  of 
atmospheric  air,  and  the  mode  in  which  the  contact  between  it  and 
the  blood  is  effected. 

Anatomy  of  the  Respiratory  Organs. 

The  thorax  or  cheat  eontains  the  lungs,  which  are  the  great 
».     ,-„  agents  of  respiration.    It  is  of  a 

°'        '  conical  shape,  the  apex  of  the 

cone  being  formed  by  the  neck, 
and  the  base  by  a  muscle,  which 
has  already  been  referred  to, 
more  than  once, — the  dia- 
phragm. 

The  osseous  frame  work,  Fig. 
102,  is  formed,  posteriorly,  of 
twelve  dorsal  vertebne;  ante- 
riorly,  of  the  sternum,  origi- 
nally composed  of  eight  or  nine 
pieces;  and  laterally,  of  twelve 
ribs,  on  each  side,  passing  from 
the  vertebrae  to,  or  towards,  the 
sternum.  Of  these,  the  seven 
uppermost  extend  the  whole 
distance  from  the  spine  to  the 
breast-bone,  and  are  called  the 
true  OTsternal  ribs;  someiaaeBt 
the  vertebrosternal.  Theybe- 
rbe  ^ri— (^n,e  lafgep  „  they  descend. 
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and  are  siiaated  more  obliquely  in  regard  to  the  spine.  The  other 
five,  called/abe  or  asternal,  do  not  proceed  as  far  as  the  sternum; 
1)ut  their  cartilages  join  that  of  the  seventh  true  rib^  whilst  the  two 
lowest  have  no  union  with  those  above  them,  and  are  therefore 
czWed  floating  ribs.  These  false  ribs  become  shorter  and  shorter 
-as  they  descend;  so  that  the  seventh  true  rib  may  be  regarded  as 
-the  common  base  of  two  cones,  formed  by  the  true  and  false  ribs 
respectively. 

The  different  bones,  constituting  the  thorax,  are  so  articulated 
as  to  admit  of  motion,  and  thus  to  allow  of  dilatation  and  contrac- 
tion of  the  cavity. 

The  motion  of  the  vertebrae  on  each  other  has  been  described 
under  another  head.  It  is  not  materially  concerned  in  the  respira- 
tory movements.  The  articulation  of  the  ribs  with  the  spine  and 
-sternum  demands  attention.  They  are  articulated  with  the  spine 
in  two  places,  at  the  capitulum  or  head,  and  at  the  tubercle.  In 
the  former  of  these,  the  extremity  of  the  ribs,  encrusted  with  car- 
tilage, ia  received  into  a  depression,  similarly  encrusted,  at  the 
side  of  the  spine.  One  half  of  this  depression  is  in  the  body  of  the 
upper  vertebra;  the  other  half  In  the  one  beneath  it;  and,  conse- 
quently, partly  in  the  inter-vertebral  fibro-cartilage  between  the 
two.  The  joint  is  rendered  secure  by  various  ligaments;  but  it  can 
move  readily  up  and  down  on  the  spine.  In  the  first,  eleventh,  and 
twelfth  ribs,  the  articulations  are  with  single  vertebrae  respectively. 
In  the  second  articulation,  the  tubercle  of  the  rib,  also  encrusted 
with  cartilage,  is  received  into  a  cavity  in  the  transverse  process 
of  each  corresponding  vertebra ;  and  the  joint  is  rendered  strong 
by  three  distinct  ligaments.  In  the  eleventh  and  twelfth  ribs,  this 
articulation  is  wairting. 

The  articulation  of  the  ribs  with  the  sternum  is  effected  by  an 
intermediate  cartilage,  which  becomes  gradually  longer,  from  the 
first  to  the  tenth  rib,  as  is  seen  in  figure  102.  The  end  of  the  car- 
tilage is  received  into  a  cavity  at  the  side  of  the  sternum ;  and  the 
junction  is  strengthened  by  an  anterior  and  posterior  ligament 
This  articulation  does  not  admit  of  much  motion ;  but  the  existence 
ef  a  synovial  membrane  shows,  that  it  is  destined  for  some. 

The  cavity  of  the  thorax  is  completed  by  muscles.  In  the  in- 
tervals between  the  ribs  are  two  plane?  of  muscles,  whose  fibres 
pass  in  inverse  directions,  and  cross  each  other.  These  are  the 
intercostal  muscles. 

The  diaphragm  forms  the  Septum  between  the  thorax  and  abdo- 
men. Above,  the  cavity  is  open;  and  through  the  opening  numer* 
COS  vessels  and  nerves  enter. 

The  muscles,  concerned  in  the  respiratory  function,  are  numer- 
ous. The  most  important  ofthese  is  the  £?/apAra^m.  It  is  attached, 
by  its  circumference,  around  the  base  of  the  chest;  but  its  centre 
rises  into  the  thorax ;  and,  during  its  state  of  relaxation,  forms  an 
Mtch,  the  middle  of  which  is  opposite  the  inferior  extremity  of  the 
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■terDuin.  It  is  tendinous  in  its  centre,  and  is  attached  by  two  (u- 
cicuU,  called  pillara,  to  the  spine, — to  the  bodies  of  the  two  first 
lumbar  Terlebrse.  It  has  three  apertures;  the  one  before  for  the 
passage  of  the  rena  cava  inferior;  and  two  behind,  between  the 
pillars,  for  the  passage  of  the  oesophagus  and  aorta. 

The  other  great  muscles  of  respiration  are  the  aerraius  posiicut 
inferior,  the  serraius  posticus  superior,  the  levaiores  costarufn, 
the  intercostal  muscles,  the  infra-costales,  and  the  triangularis 
atemi  or  atemo-coatalia;  but,  in  an  excited  condition  of  respira- 
tion, all  the  muscles,  that  raise  and  depress  Ihe  ribs,  directly  or 
indirectly,  participate — ■aa  the  scaleni,  stemo-masloidei,  pecto- 
rales,  (mq/'or  and  minor,)  aerraius  met/or  anticua,  abdominal 
muaclea,  &g. 

In  the  structure  of  the  lungs,  as  Maoemdis  has  remarked,  nature 
has  resolved  a  mechani- 
st]^. 103.  cal  problem  of  extreme 
dt£Sculty.    The  problem 
was, — to  establish  an  im- 
mense surface  of  contact 
between  the  blood   and 
the  air,  in  the  small  space 
occupied  by  the  lungs. 
The  admirable  arrange- 
ment adopted  cooaists  in 
the    circumstance,    that 
each  of  Ihe  minute  ves- 
sels, in  which  the  pulmo- 
nary  artery  terminates, 
and  the  pulmonary  veins 
originate,  is  surrounded 
a.  ■n-hmrt.-i.A.  TiB.innp.-r  r.  Th^  .ii.phapn-       on  cvcry  Side  by  the  air. 
Thclungsaro  two  organs  of  considerable  size,  situated  in  the  lateral 
parts  of  the  chest,  and  are  subdivided  into  lobes  and  lobules,  the 
shape  and  number  of  which  cannot  be  readily  determined. 

They  are  termed  right  and  l^t  respectively,  according  to 
the  side  of  the  cavity  of  the  cheat  they  occupy.  The  former  con- 
flists  of  three  lobes;  the  latter  of  two.  Each  of  these  exactly  fills  the 
corresponding  cavity  of  the  pleura;  and  they  are  separated  from 
each  other  by  a  duplicature  of  the  pleura^the  serous  membrsne 
that  lines  the  chest,  and  is  reflected  over  the  lungs;)  and  by  the 
heart.  Thecolourof  the  lungsis  generally  of  amarbled  blue;  and 
the  exterior  is  furrowed  by  figures  of  a  hexagonal  shape.  The 
appearance  is  not,  however,  the  same  at  all  ages,  and  under  all  cir- 
cumstances. In  infancy,  Uiey  are  of  a  pale  red ;  in  youth,  of  a 
darker  colour;  and  in  old  age,  of  a  livid  blue. 

The  elements,  that  compose  the  lungs,  are; — the  ramifications  of 
the  trachea;  those  of  the  pulmonary  artery  and  of  the  pulmonary 
veins,  besides  the  organic  elements,  that  appertain  to  every  Uring 
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fltructure; — arterieSi  veins,  lymphaticS}  nerves,  and  cellular  tissue. 
The  ramifieatioQS  of  the  windpipe  form  the  cavity  of  the  organ 
•of  respiration.  The  trachea  is  continuous  with  the  larynx  from 
whieh  it  receives  the  external  air  conveyed  to  it  by  the  mouth  and 
nofle.  It  passes  down  to  the  thorax,  at  the  anterior  part  of  the 
neek,  and  bifurcates  opposite  the  second  dorsal  vertebra,  forming 
two  large  canals,  called  bronchi.  One  of  these  goes  to  each  lung; 
and,  afi^  numerous  subdivisions, becomes  imperceptible;  and  hence, 
the  multitudinous  speculations,  that  have  been  indulged,  regarding 
the  mode  in  which  the  bronchial  ramifications  terminate.  Mal- 
piQHi  believed,  that  they  form  vesicles,  at  the  inner  surface  of 
which  the  pulmonary  artery  ramifies.  Reisseisen  describes  the 
vesicles  as  of  a  cylindrical,  and  somewhat  rounded,  figure;  and  he 
states,  that  they  do  not  communicate  with  each  other.  Hslvstius, 
on  the  other  hand,  affirmed,  that  they  end  in  cells,  formed  by  the 
different  constituent  elements  of  the  lungs, — ^the  cells  having  no  de- 
terminate shape,  or  regular  connexion  with  each  other;  whilst 
MAfiiVDiE  asserts,  that  the  minute  bronchial  division,  which 
arrives  at  a  lobe,  does  not  enter  it,  but  terminates  suddenly  as  soon 
as  it  has  reached  the  parenchyma;  and  he  remarks,  that  as  the 
bronchus  does  not  penetrate  the  spongy  tissue  of  the  lung,  it  is  not 
probable,  that  the  surface  of  the  cells,  with  which  the  air  comes  in 
contact,  is  lined  by  a  prolongation  of  the  mucous  coat,  which  forms 
the  inner  membrane  of  the  air-passages.  Certain  it  is,  that  the  most 
attentive  examination  has  failed  in  detecting  its  presence. 

The  ramifications  of  the  pulmonary  artery  are  another  consti- 
tuent element  of  the  lung.  This  vessel  arises  from  the  right  ven- 
tricle of  the  heart,  and,  at  a  short  distance  from  that  organ,  divides 
into  two  branches;  one  passing  to  each  lung.  Each  branch  accom- 
panies the  corresponding  bronchus  in  all  its  divisions;  and,  at 
length,  becomes  capillary  and  imperceptible.  Its  termination  has, 
also,  given  rise  to  conjecture.  Malfighi  conceived  it  to  end  at 
the  mucous  surface  of  the  bronchi,  in  an  extremely  delicate  net- 
work, which  he  called  rete  mirabile.  This  was  also  the  opinion  of 
Rsissxissv.  According  to  others,  the  pulmonary  artery,  in  its 
ultimate  ramifications,  is  continuous  with  two  kinds  of  vessels,  viz. 
the  capillary  extremities  of  the  pulmonary  veins;  and  the  exhalants 
^ng^Lged  in  the  secretion  of  the  pulmonary  transpiration.  Bichat 
admits,  at  the  extremities  of  the  pulmonary  artery,  and  between 
that  artery  and  the  veins  of  the  same  name,  vessels  of  a  more  deli- 
cate charaeta:,  which  he  conceives  to  be  the  agents  of  hsematosis, 
and  which  he  calls  the  capillary  system  qfihe  lungs.  All  that 
we  know  is,  that  the  air  gets  a  ready  access  to  the  blood  in  the 
pulmonary  artery ;  but,  with  regard  to  the  precise  arrangement  of 
the  means  of  such  access,  we  are  ignorant  The  same  may  be  said 
of  the  third  constituent  of  the  lungs — ih^  pulmonary  veins.  Their 
radicles  manifestly  communicate  freely  with  those  of  the  pulmo- 
nary artery;  but  they  equally  escape  detection.  When  we  observe 
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theniy  they  are  found  uniting,  to  constitute  larger  and  larger  veinfl, 
until  they  ultimately  end  in  four  large  trunks^  which  open  into  the 
left  auricle  of  the  heart 

In  addition  to  these  organic  constituents,  the  lung,  like  other 
organs,  receives  arteries,  veins,  lymphatics  and  nerves.  It  is  not 
nourished  by  the  blood  of  the  pulmonary  artery,  which  is  clearly 
unfit  for  that  purpose,  seeing  that  it  is  venous.  The  bronchial 
arteries  are  its  nutritive  vessels.  They  arise  from  the  aorta,  and 
are  distributed  to  the  bronchi. 

Around  the  bronchi,  and  near  where  they  dip  into  the  tissue  of 
the  lung,  a  number  of  lymphatic  glands  exists,  the  colour  of  which 
is  almost  black,  and  with  which  the  few  lymphatic  vessels,  that 
arise  from  the  superficial  and  deep-seated  parts  of  the  lung,  com- 
municate. The  efferent  vessels  of  these  glands  Halleb  has  traced 
into  the  thoracic  duct. 

The  nerves,  distributed  to  the  lungs,  proceed  chiefly  from  the 
eighth  pair  or  pneumogastric.  A  few  filaments  of  the  great  sym- 
pathetic are  also  sent  to  them.  The  eighth  pair,  after  having  given 
off  the  superior  laryngeal  nerves,  and  some  twigs  to  the  heart,  in- 
terlaces with  numerous  branches  of  the  great  sympathetic,  and 
forms  an  extensive  nervous  net-work,  called  the  anterior  pulmo- 
nary plexus.  After  this,  the  nerve  gives  off  the  recurrents,  and 
interlaces  a  second  time  with  branches  of  the  great  sympathetic, 
forming  another  net-work,  called  \hQ  posterior  pulmonary  plexus. 
It  then  proceeds  to  the  stomach,  where  it  terminates.  From  these 
two  plexuses  the  nerves  proceed,  that  are  distributed  to  the  lungs. 
These  accompany  the  bronchi,  and  are  spread  chiefly  on  the  mucous 
membrane  of  the  air  tubes.  The  lung  likewise  receives  some  nerves 
directly  from  the  three  cervical  ganglions  of  the  great  sympathetic, 
and  from  the  first  thoracic  ganglion. 

In  addition  to  these,  a  distinct  system  of  nerves — the  respira- 
tory system  of  Sir  Charles  Bell — ^is  distributed  to  the  multitude 
of  muscles,  which  are  associated  in  the  respiratory  function,  in  a 
voluntary  or  involuntary  manner.  It  includes,  indeed,  one  of  the 
nerves  just  referred  to — the  eighth  pair.  The  system  of  respira- 
tory nerves  was  described  in  the  first  volunie  of  this  work.  The 
various  nerves,  composing  it,  are  intimately  connected,  so  that,  in 
forced  or  hurried  respiration,  in  coughing,  sneezing,  &c.  they  are 
always  associated  in  action. 

Lastly,  the  lungs  are  constituted,  also,  of  cellular  tissue,  which 
has  been  termed  interlobular  tissue;  but  it  does  not  differ  from 
cellular  tissue  in  other  parts  of  the,  body. 

Such  are  the  constituent  elements  of  the  pulmonary  tissue;  but, 
with  regard  to  the  mode,  in  which  they  are  combined  to  form  the 
intimate  texture  of  the  lung,  we  are  uninstructed.  We  find,  that 
the  lobes  are  divided  into  lobules,  and  these,  again,  seem  to  be  sub- 
divided, alnoost  indefinitely,  forming  an  extremely  delicate  spon^ 
tissue,  the  areolae  of  which  can  only  be  seen  by  the  aid  of  the  mi- 
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croBcope.  They  communicate  with  each  other,  and  are  enveloped, 
apparently,  by  the  cellular  tissue,  which  separates  the  lobules. 
Maosnpis  inflated  a  portion  of  lung;  dried  and  cut  it  in  slices,  in 
order  that  he  might  examine  the  deep-seated  cells.  These  appeared 
to  him  to  be  irregular,  and  to  be  formed  by  the  final  ramifications 
of  the  pulmonary  artery,  and  the  primary  ramifications  of  the  pul- 
monary veins;  the  cells  of  one  lobule  communicating  with  each 
other,  but  not  with  those  of  another  lobule.  Very  recently,  Pro- 
fessor HoRNEB,  of  the  University  of  Pennsylvania,  has  exhibited, 
by  a  well-conceived  and  well-executed  preparation,  that  this  com- 
munication between  the  cells  is  lateral.  After  filling  the  pulmo- 
nary arteries  and  the  pulmonary  veins  with  minute  injection,  the 
ramifications  of  the  bronchi  with  the  air-cells  were  distended  to 
their  natural  size,  by  an  injection  of  melted  tallow.  The  latter, 
being  permitted  to  cool,  the  lung  was  then  cut  into  slices  and  dried. 
The  slices  were  subsequently  immersed  in  spirit  of  turpentine,  and 
digested,  at  a  moderate  heat,  for  several  days.  By  this  process, 
all  the  tallow  was  removed,  and  the  parts,  on  being  dried,  exhi- 
bited the  air-cells  empty,  and  apparently  of  their  natural  size  and 
shape.  Preparations,  thus  made,  show  the  air-cells  to  be  generally 
about  the  twelfth  of  a  line  in  diameter,  and  of  a  spherical  dtape, 
the  cells  of  each  lobule  communicating  freely,  like  the  cells  of  fine 
sponge,  by  lateral  apertures.  The  lobules,  however,  only  commu- 
nicate by  branches  of  the  bronchi,  and  not  by  contiguous  cells. 

These  facts  and  preparations  negative  the  presumption  of  some 
anatomists  and  physiologists; — as  Blumeitbach,  Cuvier,  &c.,  that 
each  air-cell  is  insulated,  communicating  only  with  the  minute 
bronchus,  that  opens  into  it,  and  they  confirm  the  views  of  Hal- 
LSR,  Monro  Secunbus,  Boyer,  Sfrengel,  Magendie  and 
others. 

The  surface  atibrded  by  the  air-cells  is  immense.  Hales  sup- 
posed them  to  be  polyhedral,  and  about  one  hundredth  part  of  an 
inch  in  diameter.  The  surface  of  the  bronchi  he  estimated  at  1035 
square  inches;  and  that  of  the  air-cells  at  20,000.  Reil  estimated 
the  number  of  cells  to  be  1,744,180,015;  and  the  surface  at  21,906 
square  inches;  and  Lieberkuhn  has  valued  it  at  the  enormous 
amount  of  1500  cubic  feet!  All,  that  we  can  derive  from  these 
mathematical  conjectures,  is,  that  the  extent  of  surface  is  surpris- 
ing, when  we  consider  the  small  size  of  the  lungs  themselves. 

Each  lung  is  covered  by  the  pleura^ — ^a  serous  membrane,  ana- 
logous to  the  peritoneum;  and  in  birds  a  prolongation  of  the  latter. 
This  membrane  is  reflected  from  the  adjacent  surface  of  the  lung 
to  the  pericardium,  which  covers  the  heart,  and  is  then  spread 
over  the  interior  paries  of  the  half  of  the  thorax  to  which  it  be- 
longs; lining  the  ribs  and  intercostal  muscles,  and  covering  the 
convex  or  upper  surface  of  the  diaphragm.  There  are,  consequently, 
two  pleurae,  each  of  which  is  confined  to  its  own  half  of  the  tho- 
rax, lining  its  cavity,  and  covering  the  lung.   Behind  the  sternum. 
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however,  they  are  contigaoiM  to  each  other,  and  form  the  parti- 
lion,  ealled  mediastinumy  which  extends  between  the  sternum 
and  spine.  In  figure  104,  the  dotted  lines  exhibit  the  two  ca- 
vities of  the  pleura,  and  the  middle  space  between  is  the  me- 
diastinum. Within  this  septum,  the  heart,  enveloped  by  the 
pericardium,  is  situated,  and  separates  the  pleurse  considerably 
firom  each  oUier.  Anatomists  generally  subdivide  the  mediastinum 
into  two  regions.  One,  passing  from  the  front  of  the  pericardium 
to  the  sternum,  called  the  anterior  mediastinum;  the  other,  from 
the  posterior  surface  of  the  pericardium  to  the  dorsal  vertebrae, — 
the  posterior  mediastinum;  and,  by  some,  the  part,  which  is 
within  the  circuit  of  the  first  ribs,is  termed  superior  medieutinum. 
The  second  of  these  contains  the  most  important  organs, — the  lower 
end  of  the  trachea,  oesophagus,  aorta,  vena  azygos,  thoracic  duct, 
and  pneumogastric  nerves. 


JF^.  104. 


Fig.  105. 


The  portion  of  the  pleura,  covering  each  lung,  is  called  the 
pleura  pulmonalis;  thoty  which  lines  the  thorax, /?fewra  costalis. 
The  mode,  in  which  the  two  are  connected  to  form  one  whole,  is 
shown  by  the  dotted  line  in  figure  105,  representing  a  section  of  the 
chest.  It  is  obvious  that,  as  in  the  case  of  the  abdomen,  the  vis- 
cera are  not  in  the  cavity  of  the  pleura,  but  external  to  it;  and  tliat 
there  is  no  communication  between  the  sac  of  one  side  and  that  of 
the  other. 

The  use  of  the  pleura  is  to  attach  the  lungs,  by  their  roots,  to 
their  respective  cavities,  and  to  facilitate  their  movements.  To  aid 
this  effect,  the  membrane  is  always  lubricated  by  a  fluid,  exhaled 
from  its  surface.  The  other  surface  is  attached  to  the  lung  in  such 
a  manner,  that  air  cannot  get  between  it  and  the  parietes  of  the 
thorax. 

It  was,  at  one  time,  the  prevalent  belief,  that  air  always  exists 
in  the  cavity  of  the  chest  Galen  supported  the  opinion  by  the 
fact,  that  having  applied  a  bladder,  filled  with  air,  to  a  wound  that 
had  penetrated  the  chest,  the  air  was  drawn  out  of  the  bladder  at 
the  time  of  inspiration.     It  was  also  maintained  by  Hamberoeb,^ 
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Hai.es,  and  mnn^ous  others.  The  case^  alluded  to  by  Galen,  is 
insufficieDt  to  establish  the  position,  inasmuch  as  we  have  no  evi- 
dence, that  the  wound  did  not  also  implicate  the  pulmonary  tissue. 
Since  the  time  of  Haller,  who  opposed  the  prevalent  doctrine  by 
facts  and  reasoning,  the  belief  in  the  absence  of  air  in  the  cavity  of 
the  pleura  is  generally  considered  to  be  entirely  established.  It  is 
obvious  that  its  presence  there  would  materially  interfere  with  the 
dilatation  of  the  lungs,  and  thus  be  productive  of  much  inconve- 
nience; besides,  anatomy  instructs  us,  that  the  lungs  lie  in  pretty 
close  contact  with  the  pleura  costalis.  When  the  intercostal  mus- 
cles are  dissected  off,  and  the  pleura  costalis  is  exposed,  the  sur- 
face of  the  lungs  is  seen  in  contact  with  that  transparent  mem- 
brane ;  and  when  the  pleura  is  punctured,  the  air  rushes  in,  and 
the  lungs  retire,  in  proportion  as  the  air  is  admitted.  This  occurs 
in  cases  of  injuries  inflicted  upon  the  chest  of  the  living  animaL 
Moreover,  if  a  dead  or  living  body  be  placed  under  water,  and  the 
pleura  be  punctured,  so  as  not  to  implicate  the  lungs,  it  has  been 
found  by  the  experiments  of  Brunn,  Sproqel,  Caldani,  Sir  John 
Flofer,  Haller  and  others,  that  not  a  bubble  of  air  escapes,-— which 
would  necessarily  be  the  case,  if  air  were  contained  in  the  cavity 
of  the  pleura. 

Of  Atmospheric  Air. 

The  globe  is  surrounded  every  where,  to  the  height  of  fifteen  or 
sixteen  leagues,  by  a  rare  and  transparent  fluid,  called  air;  the 
total  mass  of  which  constitutes  the  atmosphere. 

Atmospheric  air,  although  invisible,  can  be  proved  to  possess 
the  ordinary  properties  of  matter;  and  amongst  these,  weight.  It 
also  partakes  of  the  character  of  a  fluid,  adapting  itself  to  the  form 
of  the  vessel  in  which  it  is  contained,  and  pressing  equally  in  all 
directions. 

Aa  air  is  possessed  of  weight,  it  results,  that  every  body  on  the 
earth's  surface  must  be  subjected  to  its  pressure ;  and  as  it-is  elastic 
or  capable  of  yielding  to  pressure,  the  part  of  the  atmosphere,  near 
the  earth's  surface,  must  be  denser  than  that  above  it  As  a  body, 
therefore,  ascends,  the  pressure  will  be  diminished ;  and  this  ac- 
counts for  the  different  feelings  experienced  by  those  who  ascend 
lofty  mountains,  or  voyage  in  balloons  into  the  higher  strata  of  the 
atmosphere.  Bououier,  Haller,  and  Rudolph  Meyer,  indeed, 
have  afiBrmed,  that  the  inconvenience  sustained,  in  the  former  case, 
is  not  dependent  upon  diminished  pressure,  but  upon  the  fatigue 
of  the  ascent;  and  the  Abb6  Ferrara  thinks,  that  none  but  inva- 
lids are  incommoded  on  ascending  to  the  summit  of  Etna.  These 
views  are,  however,  negatived  by  the  fact,  that  the  same  inconve- 
nience to  respiration  has  resulted  from  a  high  elevation  in  the  at- 
mosphere, in  balloons,  where  no  exertion  was  necessary.  It  has 
also  been  combated  by  the  assertions  of  several  eminent  travellers* 
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When  M.  Ds  Satye  ascended  the  cone  of  the  crater  on  the  mim* 
mit  of  Etna,  he  felt  so  much  indisposed,  that  he  was  obliged  to  stop 
at  almost  every  step,  experiencing  extraordinary  debility  in  the 
limbs,  with  pain  in  the  region  of  the  heart,  and  a  feeling, — as  he 
expresses  it, — as  if  he  were  passing  into  an  element  not  in  accord- 
ance with  his  nature.  Df  Saussube,  Joseph  Hamel,  Dr.  Edward 
Clare,  and  Captain  Sherwill,  on  the  Alps ;  Baron  Ramond  on 
the  Pyrenees ;  Baron  Humboldt  on  the  Andes ;  Du  Petit  Thou- 
ars  on  Mount  Bernard  in  the  Isle  of  Bourbon;  and  Lieutenant  Ge- 
rard and  Mr.  Eraser  on  the  Himala  Mountains,  experienced 
similar  inconvenience.  '^  I  had  no  idea,^'  says  the  last  gentleman, 
'^  that  height  of  situation  could  have  so  severely  affected  the  strength 
and  chest,  and  yet  it  must  have  been  this  alone,  for  severe  as  was 
the  ascent,  and  bad  as  the  road  was,  we  had  met  with  fully  as  bad 
days'  journeys  before;  and  though  the  people  asserted,  that  the  air 
was  poisoned  by  the  scent  of  flowers,  and  though  there  really  was 
a  profusion  of  them  through  the  whole  of  the  first  part  of  the  march, 
yet  the  principal  part  of  them  had  no  smell,  nor  could  I  perceive 
any  thing  in  the  air,  except  a  cold  and  somewhat  raw  wind.  Be- 
sides which,  the  chief  distress  was  experienced  after  we  reached 
the  lofty  gorge  of  Bamsooroo,  which  was  beyond  the  region  of  ve- 
getation, and  consequently  could  not  be  easily  affected  by  the  per- 
fume of  flowers.  After  reaching  that  place,  no  one  was  proof  against 
this  influence.  It  was  ludicrous  to  see  those,  who  had  laughed  at 
others,  yielding,  some  to  lassitude,  and  others  to  sickness,  yet  en- 
deavouring to  conceal  it  from  the  rest  I  believe  I  held  out  longer 
than  any  one ;  yet,  after  passing  this  gorge,  every  few  paces  of 
ascent  seemed  an  insuperable  labour;  and  even  in  passing  along 
the  most  level  places  my  knees  trembled  under  me,  and,  at  times, 
even  sickness  at  stomach  was  experienced.  The  symptoms  it  pro- 
duced were  various;  some  were  affected  with  violent  headache; 
others  had  severe  pains  in  the  chest,  with  oppression;  others  sick- 
ness at  the  stomach  and  vomiting;  many  were  overcome  with 
heaviness^  and  fell  asleep  even  while  walking  along.  But  what 
proved  the  fact,  that  all  this  was  the  effect  of  our  great  elevation 
was,  that  as  we  lowered  our  situation,  and  reached  the  region  of 
vegetation  and  wood,  all  these  violent  symptoms  and  pains  gra- 
dually lessened  and  vanished.'' 

Dr.  Edwards  ascribes  part  at  least  of  the  effect,  produced  upon 
the  breathing  by  great  elevations,  to  the  increased  evaporation, 
which  takes  place  from  the  skin  and  lungs ;  and  his  view  is  con- 
firmed by  the  fact,  that  in  many  aerial  voyages  great  inconvenience 
has  been  sustained  from  this  cause. 

The  pressure  of  the  atmosphere,  at  the  level  of  the  sea,  is  the 
result  of  the  whole  weight  of  the  atmosphere,  and  is  capable  of 
sustaining  a  column  of  water  thirty-four  feet  high,  or  one  of  mer- 
cury of  the  height  of  thirty  inches, — as  in  the  common  barometer. 
This  IB  equal  to  about  fifteen  pounds  avoirdupoise  on  every  square 
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inch  of  surface;  so  that  the  body  of  a  man  of  ordinary  stature,  the 
surface  of  which  Haller  estimates  to  be  fifteen  square  feet,  sus- 
tains a  pressure  of  32,400  pounds.  Yet,  as  the  elas^ticity  of  the  air 
within  the  body  exactly  balances  or  counteracts  the  pressure  from 
without,  he  is  not  sensible  of  any  pressure. 

The  experiments  of  Davy,  Dalton,  Gay  Lussac,  Humboldt, 
Despretz,  and  others,  have  shown,  that  pure  atmospheric  air  is 
composed  essentially  of  two  gases — oxygen  and  nitrogen^  which 
exist  in  it,  in  the  proportion  of  21  of  the  former  to  79  of  the  latter. 
Dr.  Thomson,  whose  analysis  is  the  most  recent  and  satisfactory, 
says  20  of  oxygen  to  80  of  azote  or  nitrogen ;  and  these  proportions 
have  been  found  to  prevail  in  the  air  whencesoever  taken  ;..whe- 
ther  from  the  summit  of  Mont  Blanc,  the  top  of  Chimborazo,  the 
sandy  plains  of  Egypt,  or  from  an  altitude  6f  21,735  feet  in  the  air. 
Nor  has  chymical  analysis  been  enabled  to  detect  the  presence  of 
any  emanation  from  the  soil  of  the  most  insalubrious  regions,  or 
from  the  bodies  of  those  labouring  under  the  most  contagious  dis- 
eases,— malignant  and  material  as  such  emanations  unquestiona- 
bly must  be. 

JjJLiAf  who  published  a  work  on  marshy  effluvia  in  1823,  affirms, 
that  he,  sixty  times,  subjected  to  examination  the  air  of  the  marshes 
of  Cercle,  near  Narbonne ;  of  the  pond  of  Pudre,  near  Sig6an ;  of 
Salces  and  Salanque,  in  Roussillon;  of  Capestang,  not  far  from 
B6ziers ;  and  of  the  different  marshes  on  the  coast  of  Cette ;  yet  in 
all  cases  he  found  only  the  same  constituent  principles,  and  the 
same  quantity  of  those  principles,  as  are  contained  in  the  purest  at- 
mospheric air.     Seouin  examined  the  infectious  air  of  a  hospital, 
the  odour  of  which  was  intolerable ;  yet  he  could  discover  no  ap- 
preciable deficiency  of  oxygen,  or  other  peculiarity  of  composition; 
and  Professor  Woodhousb,  of  the  University  of  Pennsylvania,  on 
examining  the  air  from  the  gallery  of  a  crowded  theatre,  was  not 
more  successful.    That  these  failures  to  detect  the  matter  of  mias- 
mata must  be  solely  ascribed  to  the  imperfection  of  our  means  of 
analysis  is  obvious ;  for  the  results  show,  in  the  clearest  manner, 
that  such  emanations  exist  in  the  air  of  these  situations ;  and  hence 
the  time  may  yet  come,  when  their  nature  may  be  discovered.  In 
the  meanwhile,  the  speculatist  has  ample  space  for  hypothesis;  and 
this  is  the  cause  why  so  many  phantasies  have  been  indulged  re- 
garding the  nature  of  the  malaria,  or  that  emanation  from  soils, 
which  gives  rise  to  intermittents  and  other  affections,  termed  ma- 
larious. One  affirms  it  to  be  azote ;  another  carbonic  acid  gas ;  and 
another  hydrogen,  carburetted  hydrogen,  or  sulphuretted  hydro- 
gen. But  the  extreme  ignorance,  that  prevails  on  this  subject,  will 
be  most  clearly  exhibited  by  a  reference  to  some  of  the  expro/esso 
essays  on  nmlaria,  that  have  appeared  within  the  last  few  years. 

In  the  year  1820,  Dr.  Ferguson  read  a  paper  on  "  marsh  poi- 
son'^ to  die  Royal  Society  of  Edinburgh,  in  which  he  states  his 
conviction,  that  malaria  does  not  arise  from  aqueous  or  vegeta- 
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ble  putrefactioD,  i^ingly  or  combined.  In  the  fifty-ninth  namber  of 
the  London  Quarterly  Review^  the  author  of  this  work  endea- 
voured to  show  the  slight  positive  knowledge  that  then  existed  oa 
the  subject  Julia,  in  the  work  already  referred  to,  ascribes  the  poir 
son  to  a  union  of  animal  and  vegetable  putrefaction,  but  expresses 
bis  total  ignorance  of  its  nature.  In  the  seventy-second  number  of 
the  Edinburgh  Review j  an  article  appeared,  which  was  ascribed 
to  Dr.  M'CuLLOCH,  and  in  which  he  maintains,  that  putrefaction^ 
in  the  proper  sense  of  the  term,  is  not  necessary  to  its  production^ 
but  that  the  stage  or  mode  of  vegetable  decomposition,  required 
for  the  production  of  the  malaria,  is  different  from  that  which  ge- 
nerates a  fetid  gas. 

A  writer  in  a  recent  number  of  the  Southern  Review^  more  bold 
in  his  asseverations,  affirms  it  to  be  a  doctrine,  established  by  in- 
controvertible reasoning,  ^^  founded  on  a  vast  mass  of  accumulated 
facts,^'  that  tHe  principal  source  of  this  deleterious  agent  is  the  de- 
composition of  vegetable  substances;  whilst  the  author  of  an  article 
on  the  subject,  in  the  American  Quarterly ^  attempts  to  prop  what 
he  properly  terms  the  exploded  opinion, — that  miasma  is  animalcu- 
lar;  and  we  may  add,  that  others,  amongst  whom  was  President 
DwiGHT,  of  Yale  College,  who  was  extremely  fond  of  physical  in- 
vestigations, have  maintained  the  opinion,  that  the  diseases,  com- 
monly imputed  to  stagnant  waters  and  marsh  miasmata,  are  pro^ 
duced  by  animalcular  putrefaction. 

Lastly,  Dr.  Charles  Caldwell  of  Transylvania  University,  in 
an  Essay  on  Malaria^  recently  crowned  by  the  Medical  and 
Chirurgical  Faculty  of  Maryland^  has  ascribed  its  origin  to  vege- 
table and  animal  matter  in  a  state  of  ^^  dissolution^^  by  which  term 
he  means  '^  the  decomposition  of  dead  organic  substances,  and  the 
re-union  of  their  elements.^' 

Such  discrepancies  prove  incontestably,  that  there  are  no  fixed 
ideas  on  the  subject.  Our  ignorance  is  not,  however,  confined  to 
the  aei*ial  impregnation,  which  constitutes  malaria.  We  know  no 
more  of  the  immediate  cause  of  epidemics,— of  the  influenza,  for 
example,  which  frequently  visits  us, — than  we  do  of  the  cause  of  the 
incessant  vicissitudes,  which  occur  in  the  atmosphere  itself;  nor  have 
we  the  slightest  acquaintance  with  the  character  or  constituents  of 
any  emanation  from  the  subject  of  any  one  of  the  numerous  conta- 
gious disorders, — small-pox,  measles,  &c., — active  as  such  ema- 
nations unquestionably  are.  The  influence  of  air  on  mankind 
is  most  interesting  and  important  in  its  hygienic  relations,  and  has 
accordingly  been  the  topic  of  study  since  the  days  of  Hippocrates; 
but  unfortunately  not  with  the  effect  of  materially  improving  our 
knowledge. 

The  uniformity  of  the  proportion  of  the  oxygen  to  the  nitrogen 
in  the  atmosphere  has  led  to  the  conclusion,  that  as  there  are  many 
processes,  which  consume  the  oxygen,  there  must  be  some  natural 
agency,  by  which  a  quantity  of  oxygen  is  produced  equal  to  that 
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eonsomed.  The  only  source^  however,  by  which  oxygen  b  known 
to  be  supplied  is  in  the  process  of  vegetation.  .  A  healthy  plant  ab- 
sorbs carbonic  acid  during  the  day;  appropriates  the  carbon  to  its 
own  necessities,  and  gives  off  the  oxygen  with  which  it  was  com- 
bined. During  the  night,  however,  an  opposite  effect  is  produced. 
The  oxygen  is  then  taken  from  the  air,  and  carbonic  acid  given  off; 
but  the  experiments  of  Davt  and  Priestley  show,  that  plants, 
daring  the  twenty-four  hours,  yield  more  oxygen  than  they  con- 
sume. It  is  impossible  to  look  to  this  as  the  great  cause  of  equilibrium 
between  the  oxygen  and  azote.  Its  influence  can  extend  to  a 
small  distance  only;  and  yet  the  uniformity  has  been  found  to  pre- 
vail, as  we  have  seen ,« in  the  most  elevated  regions,  and  in  coun- 
tries, whose  arid  sands  never  admit  of  vegetation. 

In  addition  to  the  oxygen  and  azote,- — the  principal  constituents  of 
atmospheric  air, — another  gas  exists  in  a  very  small  proportion;  but 
yet  is  always  present  This  is  carbonic  acid.  It  was  found  by  De 
Saussure  on  Mont  Blanc,  and  by  Humboldt  in  air  brought  down 
by  GARNEfiiN  the  aeronaut,  from  the  height  of  several  thousand  feet 
l^e  proportion  is  estimated  by  Dalton  not  to  exceed  the  jxAttt^^  ^^ 
jxvjfih  of  its  bulk. 

These,  then,  may  be  looked  upon  as  the  constituents  of  atmos- 
pheric air.  There  are  certain  substances,  however,  which  are  ad- 
ventitiously present  in  variable  proportions;  and  which,  with  the 
constitution  of  the  atmosphere  as  to  density  and  temperature,  are  the 
causes  of  general  or  local  salubrity,  or  the  contrary.  Water  is  one 
of  these.  The  quantity,  according  to  De  Saitssure,  in  a  cubic 
foot  of  air,  charged  with  moisture  at  65^^  Fahr.,  is  11  grains. 
Its  amount  in  the  atmosphere  is  very  variable,  owing  to  the 
continual  change  of  temperature  to  which  the  air  is  subject;  and 
even  when  the  temperature  is  the  same,  the  quantity  of  vapour  is 
found  to  vary,  as  the  air  is  very  rarely  in  a  state  of  saturation.  The 
varying  condition,  as  to  moisture,  is  indicated  by  the  hygrometer. 
From  a  comparison  of  numerous  observations.  Gay  Lussac  afi^ms, 
that  the  mean  hygrometric  state  of  the  atmosphere  is  such,  that  the  air 
holds  just  one-half  the  moisture  necessary  for  its  saturation.  In  his 
celebrated  aerial  voyage,  he  found  the  air  to  contain  but  one-eighth 
of  the  moisture  necessary  for  saturation.  This  is  the  greatest  degree 
of  dryness  ever  noticed. 

It  has  been  presumed,  that  the  hygrometric  condition  of  the  at- 
mospheric has  more  agency  in  the  production  of  disease  than  either 
the  barometric  or  thermometric.  It  is  not  easy  to  say  which  exerts 
the  greatest  influence:  probably  all  are  equally  concerned,  and  when 
we  have  a  union  of  particular  barometric,  thermometric,  and  hygro- 
metric conditions,  we  have  certain  epidemics  existing,  which  do  not 
prevail  under  any  other  combination.  When  the  air  is  dry,  we  feel 
a  degree  of  elasticity  and  buoyancy;  whilst  if  it  be  saturated  with 
moisture,-^especially  during  the  heat  of  summer, — ^languor  and  lassi- 
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tude,  and  iDdispositjon  to  mental  or  corporeal  exertion  are  excited. 
This  is  the  cause  why  we  suffer  little  more  during  the  hot  summers 
of  this  climate  than  in  those  of  Great  Britain^  where  the  air  is 
always  more  loaded  with  humidity;  although  the  thermometer  may 
be  15^  or  20^  higher  here  than  there.  When  the  air  contains  much 
moisture  the  perspirable  matter  does  not  readily  evaporate,  and  is, 
consequently,  apparent  upon  the  surface;  hence,  we  appear  to  per- 
spire more  than  in  a  hotter  and  dryer  atmosphere,  although  we  are 
really  exhaling  less;  and  as  the  eyaporation  is  a  cooling  process,  if 
it  cannot  take  place,  we  experience  a  feeling  of  heat  greater  than 
the  state  of  the  thermometer  will  explain.  It  is  asserted  by  Schmidt- 
ICETER,  that  in  the  climate  of  Chili,  notwithstanding  the  very  high 
temperature  in  summer,  the  perspiration  passes  off  so  entirely  in 
the  insensible  form,  that,  during  the  most  violent  exercise,  it  might 
be  doubted  whether  any  perspiration  exists  at  all. 

In  addition  to  aqueous  vapour  it  is  manifest,  that  numerous  ema- 
nations from  animal  and  vegetable  substances  must  be  generally 
present,  especially  in  the  lower  strata  of  the  atmosphere;  by  which 
the  salubrity  of  Uie  air  may  be  more  or  less  affected.  All  living 
bodies,  when  crowded  togetlver,  deteriorate  the  air  so  much  as  to 
render  it  unfit  for  the  maintenance  of  the  healthy  function.  If  ani- 
mals be  kept  crowded  together  in  ill-ventilated  apartments,  they 
speedily  sicken.  The  horse  becomes  attacked  with  glanders;,  fowls 
with/7^,  and  sheep  with  a  disease  peculiar  to  them  if  they  be  too 
closely  folded.  This  is  probably  a  principal  cause  of  the  insalubrity 
of  cities  compared  with  the  country.  In  them,  the  air  must  neces- 
sarily be  deteriorated  by  the  impracticability  of  due  ventilatioo; 
and  be 

**  Sited  with  exhalations  imnlc  and  fell^ 
The  spoil  of  dunghills,  and  the  putrid  thaw  of  Nature," 

and  perhaps  one  of  the  most  signal  blessings,  that  ever  befel  the 
metropolis  of  England  was  the  great  fire  of  1666;  which  destroyed 
the  narrow  streets;  gave  occasion  to  a  better  system  of  ventilation 
and  medical  police;  and  was  thus  a  main  agent  in  preventing  the 
recurrence  of  the  plague,  which  has  not  visited  London  since  that 
period. 

One  of  the  greatest  evidences  we  possess  of  the  positive  insalu- 
brity of  towns  is  in  the  case  of  the  young.  In  London,  the  propor- 
tion of  those  that  die  annually  under  five  years  of  age,  is  as  much  as 
thirty-eight  per  cent,  and  under  two  years,  twenty-eight  per  cent; 
.in  Paris,  under  two  years  of  age,  twenty-five  percent;  and  in 
Philadelphia,  rather  less  than  a  third.  These  estimates  may  be  con- 
sidered approximations;  the  proportions  vary ing  somewhat,  accord- 
ing to  the  precise  year  in  which  they  have  been  taken. 

Manifest,  however,  as  is  the  existence  of  some  deleterious  prin- 
ciple in  these  cases,  it  has  always  escaped  the  researches  of  the 
chymist 
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Lastly.  Air  is  indispensably  requisite  for  organic  existence.  No 
beings— animal  or  vegetable,— can  continue  to  live  without  a  due 
sapply  of  it;  nor  can  any  other  gas  be  substituted  for  it  This  is 
proved  by  the  fact,  that  ail  organized  bodies  cease  to  exist,  if  placed 
in  vacuo.  They  require,  likewise,  renovation  of  the  air,  otherwise 
they  die;  and  if  the  residual  air  be  examined,  it  is  found  to  be 
diminished  in  quantity,  to  have  lost  a  part  of  its  oxygen,  and.to 
have  received,  in  its  place,  a  gas,  which  is  totally  unfit  for  life,-^ 
carbonic  acid.  The  experiment?  of  Hales  prove  this  as  regards  ve- 
getables ;  whilst  Spallanzani,  and  Vauquelin  have  confirmed  it  in 
the  caseof  the  lower  animals.  The  necessity  for  the  presence  of  air,  and 
its  due  renewal, — as  regards  roan  and  the  upper  classes  of  animals, — 
is  sufficiently  obvious.  The  suflerings  in  the  Black  Hole  at  Calcutta 
are  a  melancholy,  but  impressive,  memento  of  the  dreadful  evils  at- 
tendant upon  its  privation.  Not  less  necessary  is  a  due  supply  of 
air  to  aquatic  animals.  They  can  be  readily  drowned  if  prevented 
from  coming  to  the  surface ;  if  the  fluid  be  put  under  the  receiver 
of  an  air-pump,  and  the  air  be  withdrawn,  or  if  the  vessel  be  placed 
so  that  the  air  cannot  be  renewed,  the  same  changes  are  found  to 
have  been  produced  in  the  air ;  and  hence  the  necessity  of  making 
holes  through  the  ice,  where  small  fish-ponds  are  frozen  over,  if  we 
are  desirous  of  preserving  the  fish  alive. 

The  necessity  for  the  renewal  of  air  is  not,  however,  alike  im- 
perative in  all  animals.  Whilst  the  mammalia,  birds,  fishes,  &c. 
will  speedily  expire,  when  placed  under  the  receiver  of  an  air-pump, 
if  the  air  be  exhausted,  the  frog  is  but  slightly  incommoded.  It 
swells  up,  almost  to  bursting,  but  retains  its  position,  and  when  the 
air  is  admitted,  seems  to  have  sustained  no  injury.  This  exception 
afiTorded  by  the  amphibious  animal  to  the  ordinary  efiect  of  destruc- 
tive agents  we  have  already  had  occasion  to  refer  to  more  than  once; 
and  it  is  strikingly  exemplified  in  the  fact,  now  indisputable,  that 
the  toad  has  been  found  alive  in  the  substance  of  trees  and  rocks, 
where  no  access  of  air  appeared  practicable. 

Physiohgy  of  Respiration. 

Within  certain  limits,  the  function  of  respiration  is  under  the  in- 
fluence of  volition.  The  muscles,  belonging  to  it,  have  consequently 
been  termed  mixed,  as  we  can  at  pleasure  increase  or  diminish  their 
action,  but  cannot  arrest  it  altogether,  or  for  any  great  length  of  time. 
If,  by  a  forced  inspiration,  we  take  air  into  the  chest  in  large  quan- 
tity, we  find  it  impossible  to  keep  the  chest  in  this  condition  beyond 
a  certain  time.  Expiration  irresistibly  succeeds,  and  the  chest  re- 
sumes its  pristine  situation. 

The  same  occurs  if  we  expel  the  air  as  much  as  possible  from  the 
lungs.  The  expiratory  efibrt  cannot  be  indefinitely  prolonged,  and 
the  chest  expands  in  spite  of  the  efibrt  of  the  will. 

These  facts  have  given  rise  to  two  curious  and  deeply  interesting 
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topics  of  inquiiy; — ^the  cause  of  the  first  inspiration  in  the  new- 
born infant?  and  of  the  regular  alternation  of  inspiration  and  expi- 
ration during  the  remainder  of  existence  ? 

The  first  of  these  questions  will  fall  under  consideration^  when 
we  investigate  the  physiology  of  infancy ;  the  latter  will  claim  some 
attention  at  present 

Haller  attempted  to  account  for  the  phenomenon  by  the  passage 
of  the  blood  through  the  lungs  being  impeded  during  expiration^ 
a  reflux  of  blood  into  the  veins,  and  a  degree  of  pressure  upon  the 
brain  being  thus  induced.  Hence,  a  painful  sense  of  sufibcation  arises, 
in  consequence  of  which  the  muscles  of  inspiration  are  called  into 
action  by  the  will,  for  the  purpose  of  enlarging  the  chest,  and,  in 
this  way,  removing  the  impediment  The  same  uneasy  feelings, 
however,  ensue  from  inspiration,  if  too  long  protracted;  the  mus- 
cles, therefore,  cease  to  act,  and,  by  their  relaxation,  the  oppo- 
site state  of  the  chest  is  induced.  Whytt  conceived,  that  the  pas- 
sage of  the  blood  through  the  pulmonary  vessels  is  impeded  by  ex- 
piration, and  that  a  sense  of  anxiety  is  thus  produced.  This  unplea- 
sant sensation  acts  as  a  stimulus  upon  the  nerves  of  the  lungs  and 
the  parts  connected  with  them,  which  arouses  the  enei^  of  the 
sentient  principle;  and  this,  by  causing  contraction  of  the  diaphragm, 
enlarges  the  chest,  and  removes  the  painful  feeling.  The  muscles 
then  cease  to  act,  in  consequence  of  the  stimulus  no  longer  existing. 

These,  and  all  other  methods  of  accounting  for  the  phenomena 
are,  however,  too  pathological.  From  the  first  moment  of  respira- 
tion the  process  appears  to  be  accomplished  without  the  slightest 
difficulty,-  and  to  be  as  much  a  part  of  the  instinctive  extra-uterine 
actions  of  the  frame,  as  circulation,  digestion,  or  absorption.  It  is 
obviously  an  internal  sensation,  after  respiration  has  been  once  esta- 
blished ;  and,  like  all  internal  sensations,  is  inexplicable  in  our  exist- 
ing state  of  knowledge.  The  part,  which  developes  the  impression, 
is  probably  the  lung;  the  pneumogastric  nerves  convey  the  impres- 
sion to  the  brain;  and  the  brain  calls  into  action  the  muscles  of  in- 
spiration. We  say,  that  the  action  of  impression  arises  in  the  lung 
from  some  internal  cause,  connected  with  the  office  it  has  to  fill  in 
the  economy ;  but  in  so  saying  we  sufficiently  exhibit  our  total  want 
of  acquaintance  with  its  nature. 

Let  us  now  inquire  into  the  movements  of  inspiration  and  expi- 
ration^  which,  together,  constitute  the  function  of  respiration. 
These  acts  are  entirely  accomplished  by  the  dilatation  and  contrac- 
tion of  the  thorax.  The  air  enters  the  chest,  when  it  is  expanded, 
and  is  driven  out,  when  the  chest  is  restored  to  its  ordinary 
dimensions; — the  thorax  thus  seeming  to  act  like  an  ordinary  pair 
of  bellows  with  the  valve  stopped:  when  the  sides  are  separated, 
the  air  enters  at  the  nozzle,  and  is  forced  out,  when  they  are  brought 
together. 

Inspiration. — ^The  augmentation  of  the  capacity  of  the  thorax, 
which  constitutes  inspiration,  may  be  effected  to  a  greater  or  less 
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extent,  •eeoriUng  to  tiie  numbw  of  muscles  which  an  thrown  ioto 
action. 

The  Aett  miy,  for  «ninple,  be  dilated  by  the  diaphragm  alone. 
This  noBcle,  ra  we  have  seen,  in  itg 
ordinary  relaxed  condition,  is  convex  Fig.  108. 

towards  the  chest,  as  in  the  mai^nal 
figure,  and  in  Fig.  107.  Whan,  however, 
it  eoDtraetSr  it  becomes  more  horizontal; 
andaasamesthepositionindicatedbythe 
dotted  line  d,  in  thiflmanneraugment- 
ine  the  cavity  of  the  chest  in  a  verti- 
cu  direction.   The  sides  or  lateral  por- 
tionsofthe diaphragm, whichare fleshy  < 
and  correspond  to  the  lungs,  descend  i 
more,  in  this  movement,  than  the  cen- 1 
trsA  tnidinoas  portion,  which  is  more-  j 
over  kept  immovable  by  its  attach-  I 
ment  to  the  sternum  and  its  union  with 
the  perieardiimi.  In  the  gentlest  of  all 
faRatfaiog,  the  diaphragm  appears  to  be 
tfw  aole  agent  of  inspiration;  and,  in 
tmta  of  inflammation  of  the  pleura 
costalia,  at  of  fractured  rib,  our  endea- 
vours are  directed  to  the  preventioB  of 
any  deration  of  the  ribs  by  whidi  the 
diseased  part  can   be  put  upon   the 

stretch.     Generally,   however,  as  the    ■.  tik  tk«u.-«.  Tb*  aiiimai.-t 
diat^ragm  descends,  the  riscen  of  the  '''*•  "'■«^*»p*ii«>^ 
abdomen  are  compressed;  the  abdominal  muscles  assume  the  posi- 
tion of  the  double  dotted  line/,  and  the  ribs  and  the  breast  bone  are 
xaiaed  so  that  the  latter  is  protruded  as  far  as  the  dotted  lines  e. 

When  both  the  diai^iTagm  acts,  and  the  ribs  and  sternum  are  raised, 
the  cavity  ot  the  chest  is  still  farther  augmented. 

Hie  mechanism,  by  which  the  ribs  are  raised,  has  been  produc- 
tive of  more  controversy  than  the  subject  merits.  Huxeb  asserted, 
that  the  first  rib  is  immovable,  or  at  least  admits  of  but  trifling 
motion  when  feompared  with  the  others;  and  he  denies,  diat  the 
tlMRlx  makes  any  movement,  as  a  whole,  of  either  elevation  or  de- 
pression; affirming,  that  the  ribs  are  raised  successively  towards  the 
tt^  of  &e  cavity;  and  this  to  a  greater  extent  as  they  are  more  in- 
ferior. Masknoie,  on  the  odier  hand,  denies  that  they  are 
derated  in  this  manner;  and  endeavours  to  show,  that  they  are 
all  raised  at  the  same  time;  that  the  first  rib  instead  of  being  the 
least  movable  is  the  most  so;  and  that  the  disadvantage,  which  the 
lower  ribs  possess  in  the  novement,  by  their  admitting  of  less  mo- 
tion in  their  posterior  articulations,  is  compensated  by  the  greater 
lenKth  oS  thrae  ribs.    This  compensation  be  considers  to  have  its 

Vot.  U.  11 
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advantaget;  for  ai  the  true  ribs,  with  their  cartilagea  and  the  ster* 
nQm,  usually  move  together,  aud  the  motion  of  one  of  these  parts 
almost  always  induces  that  of  the  rest,  it  would  follow,  that  if  the 
lower  ribs  were  more  movable,  they  could  not  execute  a  more  ex- 
tensive movement  than  they  do;  whilst  the  solidity  of  the  thorax 
would  be  diminished.    They   who  are  desirous   of  seeing  this 

Juestion  canvassed  will  find  it  in  the  third  volume  of  the  Elementa 
^hysiologiss  of  Haller,  and  in  the  ^^FrScis^^  of  Maoendie.  By 
the  elevation,  then,  of  the  ribs  and  the  depression  of  the  diaphragm^ 
the  chest  is  augmented^  and  a  deeper  inspiration  efieoted  than 
when  the  diaphragm  acts  singly.  In  this  elevation  of  the  ribs, 
we  see  the  advantage  of  their  obliquity  as  regards  the  spine.  Had 
they  been  horizontal,  or  inclined  obliquely  upwards,  any  elevation 
would  necessarily  have  contracted  the  thoracic  cavity,  and  favoured 
expiration  instead  of  inspiration. 

The  muscles,  chiefly  concerned  in  inspiration,  are  the  intercoa- 
tals,  and  those  muscles,  which  arise,  either  directly  or  indirectly, 
from  the  spine,  head,  or  upper  extremities,  and  which  can,  in  any 
manner,  elevate  the  thorax.  Amongst  these  muscles,  are  the  scaleni 
aptici  and  postici;  the  levatores  costarum;  the  muscles  of  the  neck, 
which  are  attached  to  the  sternum,  &c 

As  no  air  exists  in  the  cavitv  of  the  pleurae,  it  necessarily  hap- 
pens, that,  when  the  capacity  of  the  chest  is  augmented,  the  residu- 
ary air,  contained  in  the  air-cells  of  the  lungs  after  expiration,  is 
rarefied;  and,  in  consequence,  the  denser  air  without  enters  the 
larynx,  by  the  mouth  and  nose,  until  the  air  within  the  lunes  has 
attained  the  density,  which  the  residuary  air  had  prior  to  the  inspi- 
ration,— not  that  of  the  external  air,  as  Sir  Chablss  Bell  has  affirm- 
ed. At  the  time  of  inspiration,  the  glottis  opens  by  the  relaxation 
of  the  ary  tenoidei  muscles,  as  Leoallois  proved  by  experiments^ 
performed  at  the  JBcok  de  Midecine  of  raris.  On  exposing  the 
glottis  of  a  living  animal  the  aperture  is  found  to  dilate  very  dis- 
tinctly at  each  inspiration,  and  to  contract  at  each  expiration.  If 
the  eighth  pair  of  nerves  be  divided  low  down  in  the  neck,  and 
the  dilator  muscles  of  the  glottis,  which  receive  their  nerves  from 
the  recurrents — branches  of  the  eighth  pair — be  thus  paralyzed,  the 
aperture  is  no  longer  enlarged  during  inspiration,  whilst  the  con- 
strictors-^tbe  arytenoidei  muscles — which  receive  their  nerves  from 
the  superior  laryngeal, — given  ofi*  above  the  point  of  section-— 
preserve  their  action,  and  do^  the  glottis  more  or  less  completely. 

When  the  air  is  inspired  through  the  mouth,  the  velum  is  raised, 
so  as  to  allow  the  air  to  pass  freely  to  the  elottis;  and,  in  forced  in- 
spiration, it  is  so  horizontal,  as  to  completely  expose  the  pharynx  to 
view.  The  physician  takes  advantage  of  this,  in  examining  mor- 
bid affections  of  those  parts,  and  can  often  succeed  much  better  in 
this  way  than  by  pressing  down  the  tongue.  On  the  other  hand, 
when  inspiration  is  effected  entirely  through  the  nose,  the  velum 
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palati  18  depressed^  UDtil  it  becomes  rertical,  and  no  obstacle  exists  to 
the  free  entrance  of  the  air  into  the  larynx.  In  such  case^  where  diffi* 
culty  of  breathing  exists,  the  small  muscles  of  the  alae  nasi  are  fre- 
quently thrown  into  violent  action,  alternately  dilating  and  con- 
tractiDg  the  apertures  of  the  nostrils;  and  hence  this  is  a  common 
symptom  in  pulmonary  affections. 

Matow  conceived^  that  the  air  enters  the  lungs  in  inspiration  as 
it  would  a  bladder  put  into  a  pair  of  bellows,  and  communicating 
with  the  external  air  by  the  pipe  of  the  instrument  The  lungs, 
however,  are  not  probably  so  passive  as  this  view  would  indicate. 
In  eases  of  hernia  of  the  lungs,  the  extruded  portion  has  been  ob- 
served to  dilate  and  contract  in  inspiration  and  expiration.  Reissei- 
SBN  believed  this  to  be  owing  to  muscular  fibres,  which  Meckel 
and  himself  conceived  to  perform  the  whole  circuit  of  the  bronchial 
ramifications.  These  are  not,  however,  generally  admitted  by  ana- 
tomists, and  the  phenomenon  is  usually  ascribed  to  the  bronchi  hav- 
ing in  their  composition  the  highly  elastic  tissue,  which  is  an  im- 
portant constituent  of  the  arteries.  Laennec  affirms,  that  he  has 
endeavoured,  without  success,  to  verify  the  observations  of  Rsisssi- 
SBs;  hut  that  the  manifest  existence  of  circular  fibres  on  branches  of 
M  mederate  size,  and  the  phenomena,  presented  by  many  kinds  of 
asthma,  induce  him  to  consider  the  temporary  constriction  and  occlu- 
sion of  the  minute  bronchial  ramifications  as  a  thing  well  established. 
In  the  trachea^  an  obvious  muscular  structure  exists  in  its  poste- 
rior third,  where  the  cartilages  are  wanting.  There  it  consists  of  a 
thin  muscular  plane,  the  fibres  of  which  pass  transversely  between 
the  interrupted  extremities  of  the  cartilaginous  rings  of  the  trachea 
and  bronchi.  The  use  of  this  muscular  tissue,  as  suggested  by  Dr. 
Phtsick,  and  since  him  by  Cbuveilhier,  is,  to  diminish  the  calibre 
of  the  air  tubes  in  expectoration;  so  that  the  air  having  to  pass 
through  the  contracted  portion  with  greater  velocity,  its  momen- 
tum may  remove  the  secretions  that  are  adherent  to  the  mucous 
membrane.    The  explanation  is  ingenious  and  probably  just. 

Magenoie  asserts,  that  the  lung  has  a  constant  tendency  to  return 
upon  itself,  and  to  occupy  a  smaller  space  than  that,  which  it  fills;  and, 
that  it  consequently,  exerts  a  degree  of  traction  on  every  part  of  the 
parietes  of  the  thorax.  This  traction  has  but  little  effect  upon  the  ribs, 
which  cannot  yield;  but  upon  the  diaphragm  it  is  considerable.  It 
is,  indeed,  in  his  opinion,  the  cause  wbv  that  muscle  is  always  tense, 
and  drawn  so  as  to  be  vaulted  upwards;  and  when  the  muscle  is 
depressed  during  contraction,  it  is  compelled  to  draw  down  the 
lungs  towards  the  base  of  the  ehest;  so  that  they  are  stretched;  and, 
by  virtue  of  their  elasticity,  have  a  more  powerful  tendency  to  re- 
turn upon  themselves,  and  to  draw  the  diaphragm  upwards. 

Many  physiologists  have  pointed  out  three  degrees  of  inspiration, 
bat  it  is  manifest,  that  there  may  be  innumerable  shades  betweea 
them:—- 1.  Ordtnary  gentle  inspiratum,  which  is  owing  simply 
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to  the  action  of  the  diaphragm;  or,  in  addition^  to  a  alight  elevatioa 
of  the  chest  2.  Deep  inspiration,  where,  with  the  depressioa  or 
contraction  of  the  diaphragm,  there  is  evident  elevation  of  the  tho- 
rax; and,  IsisHy,  forced  inspiration,  when  the  air  is  strongly  drawu 
in,  by  the  rapid  dilatation,  produced  by  the  action  of  all  the  respi- 
ratory muscles,  which  elevate  the  chest  directly  or  indirectly. 

Many  trials  have  been  instituted  for  determining  the  quantity  of 
air,  taken  into  the  lungs  at  an  inspiration;  and  considerable  divert 
sity,  as  might  be  expected,  exists  in  the  evaluations  of  different  ex- 
perimentalists. We  have  just  remarked,  that,  in  the  same  individual, 
the  inspiration  may  be  gentle,  deep,  or  forced;  and  in  each  case  the 
quantity  of  air  inspired  will  necessarily  difier.  There  is,  likewise, 
considerable  diversity  in  individuals,  as  regards  the  size  of  the  chest; 
so  that  an  approximation  can  alone  be  attained.  The  following  table 
sujBSciently  exhibits  the  discordance  of  authors  on  this  point  Many, 
however,  of  the  estimates,  which  seem  so  extremely  discrepant^ 
may  probably  be  referred  to  great  imperfection  in  the  mode  of  coa- 
ducting  the  experiments  as  well  as  to  the  causes  abovementioned: — 


Cubic  inches 

Cubic  inches 

at  each 

at  each 

Inspintioii. 

iDspiratiQik 

Reil,  -        -        - 

42  to  100 

FoNTAlfA,       - 

35 

Mknzibs,       "^ 

RiOHSRAND,          '   - 

30  to  40 

Sauvages, 

Dalton, 

30 

Hales^ 

Herholdt,  - 

20  to  29 

Halleiu 

JURINB, 

20 

Blus, 

► 

40 

Allen  and  Pepts, 

16i 

Sprsngbl, 

J.  BORELLI, 

15  to  40 

SoEMMKRINOy 

GOODWTN,      - 

14 

Thomsov, 

Sir  H.  Davy, 

IS  to  17 

BOSTOCK,          J 

Abbrvetht, 

12 

JURIN« 

35  to  38 

K.BUT80H,       - 

6  to  12 

In  passing  through  the  mouth,  nasal  fossse,  pharynx,  larynx,  tra- 
chea, and  bronchi,  the  inspired  air  acquires  pretty  nearly  the  tem- 
pierature  of  the  body;  and,  if  the  air  has  been  cool,  the  same  quan* 
tity  by  weight  occupies  a  much  larger  space  in  the  lungs,  owing  to 
its  rarefaction  in  those  organs.  In  Its  passage,  too,  it  becomes  mix- 
ed with  the  halitus^  which  is  constancy  exhaled  from  the  mucous 
membrane  of  the  air^passages;  and,  in  this  condition,  it  enters  the 
air-cells,  and  becomes  mixed  with  the  residuary  air  in  the  Iqngs 
after  expiration. 

tkcpiraiion. — ^An  interval,  scarcely  appreciable,  elapses  after  the 
accomplishment  of  inspiration,  before  &e  reverse  movement  of  ea?* 
piration  succeeds;  and  the  air  is  expelled  from  the  chest    The 
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neat  cause  of  this  expulaion  is  the  restoratioD  of  the  chest  to  its 
former  dimensions;  and  the  elasticity i)f  the  yellow  tissue  compod- 
iog  the  broochial  ramifications,  which  have  been  put  upon  the 
stretch  by  the  air  rushing  into  them,  during  inspiration. 

The  restoration  of  the  chest  to  its  dimensions  may  be  effected 
simply  by  the  cessation  of  the  contraction  of  the  muscles,  that  have 
raised  it;  and  the  elasticity  of  the  cartilages,  which  connect  the  bony 
portion  of  the  ribs  with  the  sternum  or  breast-bone.  In  active  ex« 
piration,  however,  the  ribs  are  depressed,  by  the  action  of  appro- 
priate muscles,  and  the  chest  is  thus  still  farther  contracted.  The 
chief  expiratory  muscles  are  the  triangularis  sterni,  the  broad  mus- 
cles of  the  abdomen,  rectus  abdominis,  sacro-Iumbalis,  longissimus 
dorsi,  serratus  posticus  inferior,  &c.  Haujbr  conceived,  that  the 
ribs,  in  expiration,  are  successively  depressed  towards  the  last  rib; 
which  is  first  fixed  by  the  abdominal  muscles  and  quadratus  lumbo- 
rum.  The  intercostal  muscles  then  act  and  draw  the  ribs  succes- 
sively downwards.  Magsndis  contests  the  explanation  of  Hallbr; 
and  the  truth  would  seem  to  be,  that  the  muscles,  just  mentioned, 
participate  with  the  intercostals  in  every  expiratory  movement 

By  this  action,  the  capacity  of  the  chest  is  diminished ;  the  lungs 
are  correspondeotly  pressed  upon,  and  the  air  issues  by  the  glottis* 
It  has  been  already  remarked,  that,  during  expiration,  the  aryte- 
noidei  muscles  contract,  and  the  glottis  appears  to  dose.  Still  space 
sufficient  is  left  to  permit  the  exit  of  the  air. 

It  has  been  asked — is  the  air  expired  precisely  that  which  has 
been  taken  in  by  the  previous  inspiratipn  ?  It  is  impossible  to  empty 
the  lungs  wholly  by  the  most  forced  expiration.  -A  portion  stiU 
remains;  and  hence  it  has  been  assumed,  that  the  use  of  inspiration 
is  to  constantly  renew  the  air  remaining  in  the  air-cells.  On  thif 
subject  we  are  not  well  informed;  but  it  is  probable,  that  the  lighter 
and  more  rarefied  air  gives  way  to  the  newly-arrived  and  denser 
medium;  and  that,  thus,  fresh  air  is  continually  exposed  to  the  blood 
of  the  pulmonary  vessels.  A  multitude  of  experiment?  have  been 
made  to  determine  the  change  of  bulk  which  air  experiences  by 
being  respired.  According  to  Sir  Humphry  Davt,  it  is  diminished, 
by  a  single  inspiration  and  expiration,  from  7\f th  to  f^^th  part  of 
iU  bulk.  CuviBR  makes  it  about  i^th ;  Allsn  and  Fepts  a  little 
more  than  a  half  per  cent.  Bsrthollbt  from  0.69  to .3.70  per  cent; 
and  BosTOCK  tV^^>  ^^  ^^  average  diminution.  Assuming  this  last 
estimate  to  be  correct,  and  forty  cubic  inches  to  be  the  quantity  of 
air  drawn  into  the  lungs  at  each  inspiration,  it  will  follow,  that  half 
a  cubic  inch  disappears  each  time  we  respire.  Thb,  in  a  day,  would 
amount  to  14/100  cubic  inches,  or  to  rather  more  than  eight  cubic 
fiset  The  experiments  of  MM,  DoLONa  and  Dssprbtz  make  the 
diminution  considerable.  The  latter  gentleman  placed  six  small 
rabbits  in  forty-nine  quarts  of  air  for  two  hours,  at  the  expiration  of 
which,  time  the  air  bad  diminisbed  one  quart  A  portion  of  the  in* 
^red  air  must  consequently  have  been  absorbed. 
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Attempts  have  been  made  to  estimate  the  quantity  of  air  re- 
mainibg  m  the  lungs  after  respiration;  but  the  sources  of  discrepancy 
are  here  as  numerous  as  in  the  cases  of  inspiration  or  expiration. 
OooDWYN  estimated  it  at  109   cubic   inches;  Mkneies  at  179; 
JuRiNE  at  220;  Fontana  at  40;  and  CunsR,  after  a  forced  inspi- 
ration,  at  from  100  to  60.     Davt  concluded,  that  his  lungs,  after 
a  forced  expiration,  still  retained  41  cubic  inches  of  air.     After  a 
^natural  expiration  they  contained     -        -        118  cubic  inches. 
After  a  natural  inspiration,       -        -        -         135 
After  a  forced  inspiration,       -        -        ^        254 
By  a  full  forced  expiration  after  a  forced  inspiration,  he  threw 

out        -        -        -        -        -        -        -     190  cubic  inches. 

After  a  natural  inspiration,         ...      78.5 
After  a  natural  expiration,  ...      67.5 

It  is  impossible,  from  such  variable  data,  to  deduce  any  thing  like 
a  satisfactory  conclusion;  but  if  we  assume  with  Bostock,  (and 
Dr.  Thomson  is  disposed  to  adopt  the  estimate,)  170  cubic  inches 
as  the  quantity,  that  may  be  forcibly  expelled,  and  that  120  cubic 
inches  will  be  still  left  in  the  lungs,  we  shall  have  290  cubic  inches 
as  the  measure  of  the  lungs  in  their  natural  or  quiescent  state;  to  this 
quantity,  40  cubic  inches  are  added  by  each  ordinary  inspiration, 
giving  330  cubic  inches  as  the  measure  of  the  lungs  in  their  dis- 
tended state.  Hence  it  would  seem,  that  about  one-eighth  of  the 
whole  contents  of  the  lungs  is  changed  by  each  respiration;  and  that 
rather  more  than  two-thirds  can  be  expelled  by  a  forcible  expira- 
tion. Supposing,  that  each  act  of  respiration  occupies  three  seconds, 
or  that  we  respire  twenty  times  in  a  minute,  a  quantity  of  air,  rather 
more  than  2|  times  the  whole  contents  of  the  lungs,  will  be  ex- 
pelled in  a  minute,  or  about  four  thousand  times  their  bulk  in  twentv 
four  hours.  The  quantity  of  air,  respired  during  this  period,  will 
be  1,152,000  cubic  inches,  about  666^  cubic  feet  Such  isBosrocx's 
estimate. 

It  is  the  residuary  air,  that  gives  to  the  lungs  the  property  of 
floating  on  the  surface  of  water,  after  they  have  once  received  the 
breath  of  life,  and  no  pressure  that  can  be  employed,  will  force  out 
the  air,  so  as  to  make  them  sink.  Hence,  the  chief  proofs,  whether 
a  child  has  been  born  alive  or  dead,  are  deduced  from  the  lungs. 
These  proofs  constitut  ethe  docimasia  pulmonum^  or  L u  n  ge n* 
probe  of  the  Germans. 

Expiration,  like  inspiration,  has  been  divided  into  three  grades: 
ordinary,  free,  ^Lud  forced;  but  it  must  necessarily  admit  of  multi- 
tudinous shades  of  difference.  In  ordinary  passive  respiration, 
expiration  is  effected  solely  by  the  relaxation  of  the  diaphragm.  Jn 
free  active  expiration,  the  muscles,  that  raise  the  ribs,  are  likewise 
relaxed,  and  there  is  a  slight  action  of  the  direct  expiratory  mus- 
cles. In  forced  expiration,  all  the  respiratory  muscles  are  thrown 
into  action.  In  this  manner,  the  air  makes  its  way  along  the  air- 
passages  through  the  mouUi  or  nostrils  or  both;  carrying  with  it  a 
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freflh  portion  of  the  halitus  from  the  mucous  membrane.  This  it 
deposits,  when  the  atmosphere  is  colder  than  the  temperature  ac- 
quired by  the  respired  air,  and  if  the  atmosphere  be  sufficiently 
Goldy  as  in  winter,  the  vapour  becomes  condensed  as  it  passes  out,  and 
renders  expiration  visible. 

The  number  of  respirations,  in  a  given  time,  differs  considerably 
in  different  individuals.  Dr.  Hales  reckons  them  at  twenty.  A 
man,  on  whom  Menzies  made  experiments,  breathed  only  fourteen- 
times  in  a  minute.  Sir  Humfh^t  Davy  made  between  twenty-six 
and  twenty-seven  in  a  minute.  Dr.  Thomson  about  nineteen,  and 
Magendie  fifteen.  Our  own  average  is  sixtieen.  The  average  de- 
duced from  the  few  observers,  that  have  recorded  their  statements, 
—or  twenty  per  minute, — has  generally  been  taken;  but  we  are  satis- 
fied it  is  above  the  truth;  eighteen  would  be  nearer  the  general 
average;  and  it  has, accordingly,  been  admitted  by  many.  Eighteen 
in  a  minute  give  twenty-five  thousand  nine  hundred  and  twenty  in 
the  twenty-four  hours. 

The  number  of  respirations  is  influenced  by  various  circum- 
stances. The  child  and  the  female  breathe  more  rapidly  than  the  adult 
male.  We  find^as  much  variety,  too,  in  him  as  we  do  in  the  horse; 
whilst  some  men  are  short-winded,  others  are  long-winded;  and  this 
last  condition  may  be  improved  by  appi|ppriate  training;  to  which 
the  pedestrian,  and  the  prize-fighter,  equally  with  the  horse,  are  sub- 
mitted for  some  time  before  they  exhibit  their  powers.  In  sleep, 
the  respiration  is  generally  deeper,  less  frequent,  and  appears  to  be 
effected  greatly  by  the  intercostals  and  diaphragm. 

Motion  has  also  a  sensible  effect  in  hurrying  the  respiration,  as 
well  as  the  distention  of  the  stomach  by  food;  certain  mental  emo- 
tions, &c.  and  its  condition  during  disease  becomes  a  subject  of  in- 
teresting study  to  the  physician,  and  one  that  has  been  much  facili- 
tated by  the  acoustic  method,  introduced  by  Laennec.  To  his  in- 
strument— the  stethoscope — allusion  has  already  been  made.  By  it 
or  by  the  ear  applied  to  the  chest,  we  are  able  to  hear  distinctly 
the  character  of  the  respiration;  and  thus  to  judge  of  the  nature  of 
the  existing  pulmonary  disease.  But  this  is  a  topic  that  appertains  to 
pathology. 

There  are  certain  respiratory  movements,  concerned  in  effecting 
other  functions,  which  require  consideration.  Some  of  these  have 
already  been  topics  of  discussion.  Adelon  has  classed  them  into: — 
First.  Those  employed  in  the  sense  of  smelly  either  for  the  pur- 
pose of  conveying  the  odorous  molecules  into  the  nasal  fossae;  or  to 
repel  them,  and  prevent  their  ingress.  Secondly.  The  inspiratory 
action,  employed  in  the  digestive  function^  as  in  sucking.  Thirdly. 
Those  connected  with  muscular  motion,  when  forcibly  exerted;  and 
particularly  in  straining  or  the  employment  of  violent  effort. 
Fourthly.  Those  concerned  in  the  various  excretions^  either  vo- 
luntary, as   in  d^ecation  and  spittings  or  involuntary,  as  in 
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coughingy  sneezingf  vomitingj  aceouchementy  &e.;  and  lastly ^ 
such  as  constitute  phenomena  of  ^:^pre^on,  as^  sighing,  yavming, 
laugkingy  crying  J  sobbings  &o. 

Some  of  these,  that  have  already  engaged  our  attention,  do  not 
demand  comment  others  are  topics  of  considerable  interest  and  re- 
quire investigation. 

Straining.  The  state  of  respiration  is  much  affected  during  the 
more  active  voluntary  movements.  Muscular  exertion,  of  whatever 
kind,  when  considerable,  is  preceded  by  a  long  and  deep  inspira- 
tion; the  glottis  is  then  closed;  the  diaphragm  and  respiratory  mus- 
cles of  the  chest  are  contracted,  as  well  as  the  abdominal  muscles 
which  press  upon  the  contents  of  the  abdomen  in  all  directions.  At 
the  same  time  that  the  proper  respiratory  muscles  are  exerted,  those 
of  the  face  participate,  owing  to  their  association  through  the  me- 
dium of  the  respiratory  nerves.  By  this  series  of  actions,  the  chest 
is  rendered  capacious;  and  the  force,  that  can  be  developed,  is  aug- 
mented, in  consequence  of  the  trunk  being  rendered  immovable  as 
regards  its  individual  parts;  and  thus  serving  as  a  fixed  point  for 
the  muscles  that  arise  from  it,  so  that  they  are  enabled  to  employ 
dieir  full  effect 

The  physiological  state  of  muscular  action,  as  connected  with  the 
mechanical  function  of  respiration,  is  happily  described  by  Shakss- 
PSABS,  when  he  makes  the  5th  Harry  encourage  his  soldiers  at  the 
siege  of  Harfleur: — 

**  Stiffen  the  nnews,  sammon  up  the  blood; 
^  Now  set  the  teeth,  and  ttretck  the  noBtrils  wide: 
**  Hold  hard  the  breath  and  bend  up  eyeiy  spirit 
*«  To  his  fuU  height" 


In  the  effort  required  for  effecting  the  various  excretions,  a  simi- 
lar action  of  the  respiratory  muscles  takes  place.  The  organs,  from 
which  these  excretions  have  to  be  removed,  exist  either  in  the  tho- 
rax or  abdomen;  and,  in  all  cases,  the  organs  have  to  be  compressed 
by  the  parietes  of  those  cavities.  See  Fig.  107. 

A  full  inspiration  is  first  made;  the  expiratory  muscles,  with 
those  that  close  the  glottis,  are  then  forcibly  and  simultaneously 
contracted,  and  by  this  means  the  thoracic  and  abdominal  viscera 
are  compressed. 

Some  difference,  however,  exists,  according  as  the  viscus,  to 
be  emptied,  is  seated  in  the  abdomen  or  thorax.  In  the  evacua- 
tion of  the  faeces,  the  lungs  are  first  filled  with  aii^  and  whilst 
the  muscles  of  the  larynx  contract  to  close  the  glottis,  those  of  the 
abdomen  contract  also;  and  as  the  lung,  in  consequence  of  the  in- 
cluded air,  resists  the  ascent  of  the  diaphragm,  the  compression 
bears  upon  the  large  intestine.  The  same  happens  in  the  excretion 
of  the  urine  and  in  accouchement. 
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When  the  oi^n,  that  has  to  be  cleared,  is  in  the  thorax,- 
antghing  to  remove  mu- 
cus from  the  air-passages,  ^^S-  ^^'^■ 
the  nine  actton  of  the  mus- 
cles of  the  abdomen  is  io- 
Toked;  but  the  glottis  ia 
open  to  allow  of  the  exit 
of  the  mucus.  In  this  case 
the  expiratory  musclescon- 
tract  coDTulsiTely  and  for- 
cibly, so  that  the  air  is  dri- 
Tcn  violently  from  the 
luDgs,  and  in  its  passage 
sweeps  off  the  irritating 
matter  and  conveys  it  out 
of  the  body.  To  aid  this, 
the  muscular  fibres,  at  the 
posterior  part  of  the  tra- 
chea and  lai^r  bronchial 
tubes,  contract,  so  as  to 
diminish  the  calibre  of 
these  canals;  and,  in  this 
way,  as  Dr.  Pbtsick  has 
suggested,  the  expectora- 
tion is  facilitated. 

The  action  differs,  how- 
ever, according  as  the  ex- 
pired air  is  sent  through 
the  nose  or  mouth ;  in  the 
former  case,  constituting  ' 
tneezing;    in  the  latter,- 

COUgntng.      ineloroier  19l,l.  ai^luxllefllobcior  Krer^M.  Ugunaitm^taD- 

more  violent  than  the  ^^i-^^^^^^^^^S^^H^^^^^^X. 
ter,  and   is   involuntary;^'"^"'™™*- 

whilst  the  latter  is  not  necessarily  so.  In  both  cases,  the 
movement  is  excited  by  some  external  Irritant,  applied  directly 
to  the  mucous'  membrane  of  the  windpipe  or  nose;  or  by  some 
modified  action  in  the  very  tissue  of  the  part,  which  acts  as  an 
irritating  cause.  In  both  cases  the  air  is  driven  forcibly  forward, 
and  both  are  accompanied  by  sounds  that  cannot  be  mistaken. 
In  these  actions  we  have  striking  exemplifications  of  the  extensive 
association  of  muBclefi^  through  the  system  of  respiratory  nerves,  to 
which  we  hive  so  often  alluded.  The  pathologist,  too,  has  repeated 
Importunities  for  observing  the  extensive  sympathy  between  dis- 
tant parts  of  the  frame,  as  indicated  by  the  actions  of  sneezing  and 
coughing,  especially  of  the  former.  If  a  person  be  exposed  for  a 
short  period- to  the  partial  and  irregular  application  of  cold,  so  that 
Vol.  II.  12 
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the  capillary  actioQ  of  a  part  of  the  body  is  modified^  as  where  we 
get  the  feet  wet,  or  sit  in  a  draught  of  air,  a  few  miDutes  will  fre- 
quently be  sufficieDt  to  exhibit  sympathetic  irritation  in  the  Schnei- 
derian  membrane  of  the  nose,  and  sneezing.  Nor  is  it  necessary, 
that  the  capillary  action  of  a  distant  part  shall  be  modified  by  the 
application  of  cold.  We  have  had  the  most  positive  evidence,  that 
if  the  capillary  circulation  be  irregularly  excited,  even  by  the  ap- 
plication of  heat,  whilst  the  rest  of  the  body  is  receiving  none  of  its 
influence,  inflammation  of  the  mucous  membrane  of  the  nasal  fossae 
and  fauces  follows  with  no  less  certainty. 

Blowing  the  Nose. — The  substance,  that  has  to  be  excreted  by 
this  operation,  is  composed  of  the  nasal  nuicus,  the  tears  sent  down 
the  ductus  ad  nasum,  and  the  particles  deposited  on  the  membrane 
by  the  air,  in  its  passage  through  the  nasal  fossae.  Commonly,  this 
is  only  present  in  quantity  sufficient  to  keep  the  membrane  moist, 
the  remainder  being  evaporated  or  absorbed.  Frequently,  however^ 
it  exists  in  such  quantity  as  to  fall  by  its  own  gravity  into  the 
pharynx,  whence  it  is  sent  down  into  the  stomach  by  degluti- 
tion, is  thrown  out  at  the  mouth,  or  passes  out  at  the  anterior  nares^ 
To  prevent  this  last  efiect  more  especially,  we  have  recourse  to 
blowing  the  nose.  This  is  accomplished  by  taking  in  air,  and 
driving  it  suddenly  and  forcibly  out,  closing  the  mouth  at  the  same 
time,  so  that  the  air  may  issue  by  the  nasal  fossae  and  clear  them; 
the  nose  being  compressed  so  as  to  make  its  velocity  greater,  as 
well  as  to  express  all  the  mucus  that  miaiy  be  forced  forwards. 

Sauting  difiers  somewhat  according  to  the  part  in  which  the 
mucus  or  matter  to  be  ejected  is  seated.  At  times,  it  is  exclusively 
in  the  mouth;  at  others  in  the  back  part  of  the  nose,  pharynx,  or 
larynx. 

When  the  mucus  or  saliva  of  the  mouth  has  to  be  excreted,  the 
muscular  parietes  of  the  cavity,  as  well  as  the  tongue,  contract  so 
as  to  eject  it  from  the  mouth;  the  lips  being  at  times  approximated, 
so  as  to  render  the  passage  narrow,  and  impel  the  sputa  more  strongly 
forward.  The  air  of  expiration  may  be,  at  the  same  time,  driven 
forcibly  through  the  mouth,  so  as  to  send  the  matter  to  a  consider^ 
able  distance.  The  practised  spitter  sometimes  astonishes  us  with 
the  accuracy  and  power  of  propulsion  of  which  he  is  capable. 

When  the  matter  to  be  evacuated  is  in  the  nose,  pharynx,  or 
larynx,  it  requires  to  be  brought,  first  of  all,  into  the  mouth.  If  in 
the  posterior  nares,  the  mouth  is  closed,  and  air  is  drawn  in  forcibly 
through  the  nose ;  the  pharynx  being  at  the  same  time  constricted 
so  as  to  prevent  the  substances  from  passing  iown  into  the  oesopha- 
gus. The  pharynx  now  contracts,  from  t^ow  to  above,  in  an  in- 
verse movement  from  that  required  in  deglutition,  and  the  farther 
excretion  from  the  mouth  is  effected  in  the  manner  just  described. 

Where  the  matters  are  situated  in  the  air-passages,  the  action 
may  consist  in  coughing;  or,  if  higher  up,  simply  in  hcnoking.    A 
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forcible  expiration,  unaccompanied  by  cough,  is,  indeed,  in  many 
cases,  sufficient  to  detach  the  superfluous  mucous  secretion  from 
even  the  bronchial  tubes. 

Iq  hawking,  the  expired  air  is  forcibly  sent  forwards,  and  the 
parts  about  the  fauces  are  suddenly  contracted  so  as  to  diminish  the 
capacify  of  the  tube  and  propel  the  matters  onwards.  The  noise  is 
produced  by  their  discordant  vibration.  Both  these  modes  bear  the 
general  name  of  expectoration. 

When  these  secretions  are  swallowed,  they  are  subjected  to  the 
digestive  process;  a  part  is  taken  up,  and  the  remainder  rejected; 
so  that  they  belong  to  the  division  of  recremento-excrementitial 
fluids  of  some  physiologists. 

Lastly,  it  remains  to  speak  of  the  expiratory  phenomena,  that 
stricUy  form  part  of  the  (unction  of  expression,  and  depict  the  mo- 
ral feeling  of  the  individual  who  gives  utterance  to  them. 

Sighing  consists  of  a  deep  inspiration,  by  which  a  large  quantity 
of  air  is  received  slowly  and  gradually  into  the  lungs,  to  compen- 
sate for  the  deficiency  in  the  due  aeration  of  the  blood  which  pre- 
eedes  it  The  most  common  cause  of  sighing  is  mental  uneasiness; 
it  also  occurs  at  the  approach  of  sleep,  or  immediately  after  waking. 
In  all  these  cases,  the  respiratory  efforts  are  executed  more  imper- 
feetly  than  under  ordinary  circumstances;  the  blood  consequently 
does  not  circulate  through  the  lungs  in  due  quantity,  but  accumu- 
lates more  or  less  in  these  organs,  and  in  the  right  side  of  the  heart; 
and  it  is  to  restore  the  due  balance  that  the  deep  inspiration  is  now 
and  then  established. 

Tavmingy  osciiancyy  oseitationy  or  gaping^  is  likewise  a  full^ 
deep,  and  protracted  inspiration,  accompanied  by  a  wide  separation 
of  the  jaws,  and  followed  by  a  prolonged  and  sometimes  sonorous  ex- 

{firation.  Yawning  is  excited  by  many  of  the  same  causes  as  sighing. 
t  is  not,  however,  the  expression  of  any  depressing  passion,  but  is 
oeeasioned  by  any  circumstance  that  impedes  the  necessary  aeration 
of  the  blood ;  whether  this  be  rotardation  of  the  action  of  the  rospira- 
tory  muscles,  or  the  air  being  less  rich  in  oxygen.  Hence  we  yawn  at 
tfaeapproachof  sleep,  and  immediately  after  waking.  The  inspiratory 
muscles,  fatigued  from  any  cause,  experience  some  difficulty  in  di- 
lating the  chest;  the  lungs  aro  consequently  not  properly  traversed  by 
the  blood  from  the  right  side  of  the  heart  Oxygenation  is,  theroforo, 
not  duly  effected;  an  uneasy  sensation  is  induced,  which  is  put  an  end 
to  by  the  action  of  yawning,  which  allows  the  admission  of  a  consi- 
derable quantity  of  air.  We  yawn  at  the  approach  of  sleep,  because 
the  agents  of  respiration,  becoming  gradually  more  debilitated,  ro- 
quire  to  be  now  and  then  excited  to  fresh  activity,  and  the  blood 
needs  the  necessary  aeration.  Yawning  on  waking  seems  to  be 
partly  for  the  purpose  of  stimulating  the  respiratory  muscles  to 
greater  activity,  Uie  respiration  being  always  slower  and  deeper 
during  sleep.  It  is  of  course  impossible  to  explain  why  the  respi^ 
ntory  nerves  should  be  those  that  are  chiefly  concerned  under  the 
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guidance  of  the  brain,  in  these  respiratory  movements  of  an  expres- 
sive character.  The  fact,  however,  is  certain,  and  is  remarkably 
proved  by  the  circumstance,  that  yawning  can  be  excited  by  even 
looking  at  another  affected  in  this  manner;  nay,  by  simply  looking 
at  a  sketch,  and  by  even  thinking  of  the  action.  The  same  also  ap- 
plies to  sighing  and  laughing,  and  especially  to  the  latter. 

Pandiculation  or  stretching  is  a  frequent  concomitant  of  yawn- 
ing, and  appears  to  be  established  instinctively  to  arouse  the  exten- 
sor muscles  to  a  balance  of  power,  when  the  action  of  the  flexors 
has  been  predominant  In  sleep,  the  flexbr  muscles  exercise  that 
preponderance  which,  in  the  waking  state,  is  exerted  by  the  exten- 
sors. This,  in  time,  is  productive  of  some  uneasiness;  and,  hence, 
at  times  during  sleep,  but  still  more  at  the  moment  of  waking,  the 
extensor  muscles  are  roused  into  action,  to  restore  the  equipoise;  or 
perhaps,  as  the  muscles  of  the  upper  extremities  and  those  concern- 
ed, directly  or  indirectly,  in  respiration,  are  chiefly  concerned  in 
the  action,  it  is  exerted  for  the  purpose  of  arousing  the  respiratory 
muscles  to  increased  activity. 

By  Dr.  Good,  yawning  and  stretching  have  been  regarded  as 
morbid  affections  and  amongst  the  signs  of  debility  and  lassitude:—- 
^*  Every  one,^'  he  remarks,  "who  resigns  himself- ingloriously  to 
a  life  of  lassitude  and  indolence  will  be  sure  to  catch  these  motions 
as  a  part  of  that  general  idleness,  which  he  covets.  And,  in  this 
manner,  a  natural  and  useful  action  is  converted  into  a  morbid 
habit;  and  there  are  loungers  to  be  found  in  the  world,  who,  though 
in  the  prime  of  life,  spend  their  days  as  well  as  their  nights  in  a 
perpetual  routine  of  these  convulsive  movements  over  which  they 
have  no  power;  who  cannot  rise  from  the  sofa  without  stretching 
their  limbs,  nor  open  their  mouths  to  answer  a  plain  question  with- 
out gaping  in  one's  face.  The  disease  is  here  idiopathic  and  chro- 
nic; it  may  perhaps  be  cured  by  a  permanent  exertion  t)f  the  will, 
and  ridicule  or  hard  labour  will  generally  be  found  the  best  reme- 
dies for  calling  the  will  into  action.^' 

Laughing  is  a  convulsive  action  of  the  muscles  of  respiration  and 
voice,  accompanied  by  a  facial  expression,  which  has  been  explain- 
ed elsewhere.  It  consists  of  a  succession  of  short,  sonorous  expi- 
rations. The  air  is  first  inspired  so  as  to  fill  the  lungs.  To  this 
succeeds  short  interrupted  expirations,  with  simultaneous  contrac- 
tion of  the  muscles  of  the  glottis,  so  that  this  aperture  is  slightly 
contracted,  and  the  lips  assume  the  tension,  necessary  for  the  pro- 
duction of  sound.  The  interrupted  character  of  the  expirations  is 
caused  by  convulsive  contractions  of  the  diaphragm,  which  consti- 
tute the  greatest  part  of  the  action.  In  very  violent  laughter,  the 
respiratory  muscles  are  thrown  into  such  forcible  contractions,  that 
die  hands  are  applied  to  the  sides  to  support  them.  The  convulsive 
action  of  the  thorax,  likewise  interferes  with  the  circulation  through 
the  lungs;  the  blood,  consequently,  stagnates  in  the  uj^r  part  of 
the  body;  the  face  becomes  flushed;  the  sweat  trickles  down  the 
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forehead^and  the  eyes  are  suffused  with  tears;  but  this  is  apparently 
owiog  to  mechanical  causes;  not  to  the  lachrymal  gland  being  ex- 
cited to  unusual  action,  as  in  weeping.  At  times,  however,  we  find 
the  latter  cause  in  operation,  also. 

The  action  otweeping  is  very  similar  to  that  of  laughing;  although 
the  causes  are  so  dissimilar.  It  consists  in  an  inspiration,  followed 
by  a  succession  of  short,  sonorous  expirations.  The  facial  expres- 
sion, so  diametrically  opposite  to  that  of  laughter,  has  been  depicted 
in  another  place. 

Laughter  and  weeping  appear  to  be  characteristic  of  humanity. 
Animals  shed  tears,  but  this  does  not  seem  to  be  accompanied  with 
the  mental  emotion  which  characterizes  crying  in  the  sense  in  which 
we  employ  the  term.  It  has,  indeed,  been  affirmed  by  Steller,  that 
the  jvAoca  ursina  or  ursine  seal;  by  Pallas,  that  the  camel;  and  by 
Humboldt,  that  a  small  American  monkey  shed  tears  when  labour- 
ing under  a  distressing  emotion.  The  last  scientific  traveller  states, 
that  ^  the  countenance  of  the  titi  of  the  Orinoco, — the  simia  scivr- 
rea  of  Linnjbus,— is  that  of  a  child; — the  same  expression  of  inno- 
cence; the  same  smile;  the  same  rapidity  in  the  transition  from 
joy  to  sorrow.  The  Indians  affirm^  that  it  weeps  like  man,  when 
it  experiences  chagrin;  and  the  remark  is  accurate.  The  large  eyes 
of  the  ape  are  suffused  with  tears,  when  it  experiences  fear  or  any 
acute  suffering.^' 

Shakespjbare's  description  of  the  weeping  of  the  stag,-— 

**  That  from  the  hunter's  aim  had  ta'en  a  hurt," 

is  doubtless  £uniliar  to  most  of  our  readers. 

**  The  wretched  animal  heav'd  forth  such  groans. 
That  their  discharge  did  stretch  his  leathern  coat 
Almost  to  bursting;  and  the  bi^  round  tears 
Cours'd  one  another  down  his  mnocent  nose 
In  piteous  chase;  and  thus  the  hairy  fool, 
Mach  marked  of  the  melancholy  Jaques, 
Stood  on  th'  extremest  verge  of  the  swift  brook, 
Augmenting  it  with  tears.'' 

We  have  less  evidence  in  favour  of  the  laughter  of  animals.  Le 
Cat,  indeed,  asserts  that  he  saw  the  chimpans6  both  laugh  and 
weep.  The  ourang-outang,  carried  to  Great  Britain  from  Batavia, 
by  Dr.  Clahks  Abel  never  laughed;  but  he  was  seen  occasionally 
to  weep. 

Sobbing  %\a\\  more  resembles  laughing,  except  that,  like  weeping, 
it  is  usually  indicative  of  the  depressing  passions;  and  generally 
accompanies  weeping.  It  consists  of  a  convulsive  action  of  the  dia- 
phragm; which  is  alternately  raised  and  depressed,  but  to  a  greater 
extent  than  in  laughing  and  with  less  rapidity.  It  is  susceptible  of 
various  degrees  and  has  the  same  physical  effects  upon  the  circula- 
tion as  weeping. 

Lastly,  panting  or  anhelation  consists  in  a  succession  of  alter- 
nate, quick  and  short  inspirations  and  expirations.    Their  physio- 
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logy,  however,  does  not  differ  from  that  of  ordinary  respiration.  The 
object  is,  to  produce  a  frequent  renewal  of  air  in  the  lungs^  in  cases 
where  the  circulation  is  unusually  rapid;  or  where,  owing  to  dis- 
ease of  the  thoracic  viscera,  a  more  than  ordinary  supply  of  fresh 
air  is  demanded.  We  can,  hence,  understand,  why  dyspncBa  should 
be  one  of  the  concomitants  of  most  severe  diseases  of  the  chest;  and 
why  it  should  occur  whenever  the  air  we  breathe  does  not  contain 
a  su£Scient  quantity  of  oxygen.  The  panting,  produced  by  running, 
is  owing  to  the  necessity  for  keeping  the  chest  as  immovable  as  pos- 
sible, that  the  whole  effort  may  be  exerted  on  the  muscles  of  loco- 
motion; and  thus  suspending,  for  a  time,  the  respiration  or  admitting 
only  of  its  imperfect  accomplishment  This  induces  an  accumulation 
of  blood  in  the  lungs  and  right  side  of  the  heart;  and  panting  is  the 
consequence  of  the  augmented  action  necessary  for  transmitting  it 
through  the  vessels. 

Having  studied  the  mode,  in  which  air  is  received  into,  and  ex- 
pelled from,  the  lungs,  we  have  now  to  inquire  into  the  changes 
produced  on  the  venous  blood — containing  the  products  of  the  va- 
rious absorptions — in  the  lungs,  as  well  as  on  the  air  itself.  These 
changes  constitute  the  function  of  sanguificationifuematosiSf  res- 
piration  properly  so  called,  arteriaUzation  of  the  blood,  aera- 
tion^ &c. 

With  the  ancients  this  process  was  but  little  understood.  It  was 
generally  believed  to  act  as  a  means  of  cooling  the  body;  and,  in 
modern  times,  Hslvetius  revived  the  notion,  attributing  to  it 
the  office  of  refrigerating  the  blood,  heated  by  its  passage  through 
the  long  and  narrow  channels  of  the  circulation,  by  the  cool  air 
constantly  received  into  the  lungs.  The  reasons,  that  led  to  this 
opinion,  were: — that  the  air,  which  enters  the  lungs  in  a  cool  state, 
issues  warm; — that  the  pulmonary  veins,  which  convey  the  blood 
from  the  lungs,  are  of  less  dimension  than  the  pulmonary  artery, 
which  conveys  it  to  them.  From  this  it  was  concluded,  that  the 
blood,  during  its  progress  through  the  lungs,  must  lose  somewhat  of 
its  volume  or  be  condensed  by  refrigeration.  The  warmth  of  the 
expired  air  can,  however,  be  readily  accounted  for;  whilst  it  is  not 
true  that  the  pulmonary  veins  are  smaller  than  the  pulmonary  arte- 
ry. The  reverse  is,  indeed,  the  fact;  and  it  is  equally  obvious  that 
the  doctrine  of  Hslvetius  does  not  explain  how' we  can  exist  in 
a  temperature  superior  to  our  own;  this  ought,  in  his  hypothesis, 
to  be  impracticable. 

Another  theory,  which  prevailed  for  some  time,  was: — that  dur- 
ing inspiration,  the  vessels  of  the  lungs  are  unfolded,  as  it  were;  and 
that  thus  the  passage  of  the  blood  from  the  right  side  of  the  heart 
to  the  left  through  the  lungs,  is  facilitated.  Its  progress  was,  in- 
deed, conceived  to  be  impossible  during  expiration,  in  consequence 
of  the  considerable  flexures  of  the  pulmonary  vessels.  The  disco- 
very of  the  circulation  of  the  blood  gave  rise  to  this  theory;  and 
Haueb  attaches  considerable  importance  to  it,  when  taken  in  con- 
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nexion  with  the  changes  effected  upon  the  blood  in  the  yessels*  It 
is  inaccurate,  however,  to  suppose,  that  the  circulation  of  the  blood 
through  the  lungs  is  interrupted,  when  respiration  is  arrested.  It 
continues  for  some  time  afterwards,  and  when  it  ceases,  it  is  owing 
to  the  heart,  like  every  other  part  of  the  body,  being  incapable  of 
acting  without  a  due  supply  of  arterial  blood;  which  cannot,  in  this 
case,  be  sent  to  it,  in  consequence  of  the  air  no  longer  entering  the 
lungs.  Numerous  other  objections  might  be  made  to  this  view.  In 
the  first  place,  it  supposes,  that  the  lungs  are  emptied  at  each  expi- 
ration ;  and,  again,  if  a  simple  development  or  unfolding  of  the 
vessels  were  all  that  is  required,  any  gas  ought  to  be  sufficient  for 
respiration,  which  is  not  the  fact 

In  these  difierent  theories,  the  principal  object  of  respiration  is 
overlooked — the  conversion  of  the  venous  blood  and  its  various  ab- 
sorptions, conveyed  to  the  lungs  by  the  pulmonary  artery,  into  ar- 
terial blood. 

This  is  effected  by  the  contact  of  the  inspired  air  with  the  venous 
blood;  in  which  they  both  lose  certain  elements,  and  gain  others. 
Most  physiologists  have  considered,  that  the  whole  function  of  hse-^ 
matosis  or  sanguification,  is  effected  in  the  lungs.  Chaussier,  how- 
ever, has  presumed,  that  the  air,  in  passing  through  the  cavities  of 
the  nose  and  mouth,  and  the  different  bronchial  ramifications,  expe- 
riences some  kind  of  elaboration,  by  being  agitated  with  the  bron- 
chial mucus;  similar  to  what  he  conceived  to  be  effected  in  the  ali- 
ment in  its  passage  from  the  mouth  to  the  stomach;  but  this  is  con- 
jectural in  both  one  case  and  the  other. 

LsGAixois,  again,  thought,  that  haematosis  commences  at  the 
part,  where  the  chyle  and  lymph  are  mixed  with  the  venous  blood, 
or  in  the  subclavian  veins.  This  admixture,  he  conceives,  occurs 
more  or  less  immediately,  is  aided  in  the  heart;  and  the  conversion 
is  completed  in  the  lungs.  To  this  belief  he  was  led  by  the  circum- 
stance, that  when  the  blood  quits  the  lungs,  it  is  manifestly  arterial, 
and  be  thought,  that  what  the  products  of  absorption  lose  or  gain  in 
the  lungs,  is  too  inconsiderable  to  account  for  the  important  and 
extensive  change;  and  that  therefore  it  must  have  commenced  pre- 
viously. Facts,  however,  are  not  exactly  in  accordance  with  the 
view  of  Legaulois.  They  seem  to  show,  that  the  blood  of  the 
pulmonary  artery  is  analogous  to  that  of  the  subclavian  veins;  and 
hence  it  is  probable,  that  there  is  no  other  action  exerted  upon  the 
fluid  in  thb  part  of  the  venous  system,  than  a  ooore  intimate  admix- 
ture of  the  venous  blood  with  the  chyle  and  lymph  in  their  passage 
through  the  heart 

The  changes,  wrought  on  the  air  by  respiration,  are  considerable. 
It  is  always  immediately  deprived  of  a  portion  of  one  of  its  consti- 
tuents— oxygen;  audit  always  contains,  when  expired,  a  quantity 
of  carbonic  acid  greater  than  it  had  when  received  into  the  lungs, 
along  with  an  aqueous  and  albuminous  exhalation  to  a  considerable 
amount 


96  RSSFIRATIOir. 

Oxygen  is  consumed  by  the  respiration  of  all  animals,  from  the 
largest  quadruped  to  the  most  insignificant  insect;  and  if  we  examine 
the  expired  air,  the  deficiency  is  manifest 

Many  attempts  have  been  made  to  estimate  the  precise  quantity 
of  oxygen,  consumed  during  respiration;  but  the  results  vary  essen- 
tially from  each  other;  partly  owing  to  the  fact,  that  the  amount  of 
oxygen,  consumed  by  the  same  animal  in  difierent  circumstances, 
is  not  identical. 

Menzies  was,  prol^ably,  the  first  that  attempted  to  ascertain  the 
quantity  consumed  by  a  man  in  a  day.  According  to  him,  36  cubic 
inches  are  expended  in  a  minute;  and,  consequently,  51840  in  the 
twenty-four  hours,  equal  to  17496  grains.  Lavoisier  makes  it 
46048"  cubic  inches,  or  15541  grains.  This  was  the  result  of  his 
earlier  experiments;  and  in  his  last,  which  he  was  executing  at  the 
time  when  he  fell  a  victim  to  the  tyranny  of  Robespierre,  he 
makes  it  15592.5  grains;  corresponding  largely  with  the  results 
of  his  earlier  observations.  The  experiments  of  Sir  Humfhrt 
Davy  coincide  greatly  with  those  of  Lavoisier.  He  found  the 
quantity  consumed  in  a  minute,  to  be  31.6  cubic  inches;  making 
45504  cubic  inches,  or  15337  grains  in  twenty-four  hours.  The 
result  obtained  by  Messrs.  Allen  and  Pefts  is  much  less.  They 
consider  the  average  consumption  to  be,  in  the  twenty-four  hours, 
under  ordinary  circumstances,  39534  cubic  inches,  equal  to  13348 
grains.  Now,  if  we  regard  the  experiments  of  Lavoisier  and 
Daw,  between  which  there  is  the  greatest  coincidence,  to  be  an 
approximation  to  the  truth,  it  will  follow,  that  in  a  day,  a  man  con- 
sumes rather  more  than  25  cubic  feet  of  oxygen;  and  as  the  oxygen 
amounts ^to  only  about  one-fifth  of  the  respired  air,  he  must  render 
125  cubic  feet  of  air  unfit  for  supporting  combustion  and  respiration. 

The  experiments,  however,  of  Crawford,  Jurine,  Lavoisier 
and  Seouin,  Prout,  Ftfe,  and  Edwards,  have  proved,  that  the 
quantity  of  oxygen  consumed,  varies,  according  to  the  condition 
of  the  functions  and  of  the  system  generally.  Seouin  found  that 
muscular  exertion  increases  it  nearly  four  fold.  Prout,  who  gave 
much  attention  to  the  subject,  was  induced  to  conclude,  from  his 
experiments,  that  moderate  exercise  increases  the  consumption; 
whilst,  if  the  exercise  be  continued,  so  as  to  induce  fatigue,  a  dimi- 
nished consumption  takes  place.  The  exhilarating  passions  also  ap- 
peared to  increase  the  quantity;  whilst  the  depressing  passions  and 
sleep,  the  use  of  alcohol  and  tea  diminished  it  He  discovered,  also, 
that  the  quantity  of  oxygen  consumed,  is  not  uniformly  the  same 
during  the  twenty-four  hours.  Its  maximum  he  found  to  occur  be- 
tween 10  A.  M.  and  2  P.  M.,  or  generally  between  11  A.  M.  and 
1  P.  M.:  its  minimum  commenced  about  8i  P.  M.,and  it  continued 
nearly  uniform  till  about  3)  A.  M. 

Dr.  Ftfe  found,  that  the  quantity  was  likewise  diminished  by  a 
course  of  nitric  acid,  by  a  vegetable  diet,  and  by  afiectidg  the 
system  with  mercury. 
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Temperttnre  also  has  an  effeet  upon  tfie  consumption.  Csawvoad 
found,  tkat  a  Ghiinea-pig,  confined  in  air  at  the  temperature  of  55^^ 
consumed  double  the  quantity  which  it  did  in  air  at  104^  He  also 
observed,  in  such  cases,  that  the  venous  blood,  when  the  body  was 
exposed  to  a  high  temperature,  had  not  its  usual  dark  colour;  but, 
by  its  florid  hue,  indicated  that  no  change  had  taken  place  in  its 
constitution,  in  the  course  of  circulation.  We  can  thus  understand 
the  great  lassitude  and  yawning,  induced  by  the  hot  weather  of 
sammer;  and  the  languor  and  listlessness,  whicd  are  so  character^ 
istic  of  those  who  have  long  resided  in  torrid  climes. 

Dr.  Pbout  conceives,  that  the  presence  or  absence  of  the  sun 
alone  regulates  the  variation  in  the  consumption  of  oxygen,  which 
he  has  described;  but  the  deduction  of  Dr.  FLBMiNa  appears  to  us 
more  legitimate,— that  it  keeps  pace  with  the  degree  of  muscular 
action,  and  is  dependent  upon  it  Conse(}uentIy,  a  state  of  increased 
consumption  is  always  followed  by  an  equally  great  decrease,  in  the 
same  manner  as  activity  is  followed  by  fatigue. 

The  disagreement  of  experimenters,  regarding  the  removal  of 
nitrogen  or  azote  from  the  air,  during  respiration,  is  still  greater 
than  in  the  case  of  oxygen.  Priestlet,  Davy,  Humboldt,  Hbn- 
BBBSON,  CuviBB,  Pfavv,  and  Thomson  found  a  less  quantity  ex- 
baled  than  was  inspired.  Spallakzaki,  Lavoisibb  and  SsauiKy 
Yauquelin,  Axlen  and  Pepts,  Ellis,  and  Dalton^  inferred,  that 
neither  absorption  nor  exhalation  takes  place;  the  quantity  of  that 
gas  undergoing  no  change  during  its  passage  through  the  airK^lla 
of  the  lungs;  whilst  Jurine,  Ntsten,  Bebthollbt,  and  BiTLova 
and  Despbetk,  on  the  contrary^  found  an  increase  in  the  bulk  c^ 
the  azote.  In  this  uncertainty,  most  physiolo^sts  have  been  of 
opinion,  that  the  azote  is  entirely  passive  in  the  function. 

The  facts,  however,  ascertained  by  Dr.  John  Edwabds  of  Paris^ 
shed  considerable  light  on  the  causes  of  this  discrepancy  amongst 
observers.  He  has  satisfactorily  shown,  that,  during  the  respiration 
of  the  same  animal,  the  quantity  of  azote  may,  at  one  time,  be  aug- 
mented, at  another  diminished,  and,  at  a  third,  wholly  unchanged. 
These  phenomena  he  has  traced  to  the  influence  of  the  seasons,  and 
he  suspects,  that  other  causes  have  a  share  in  their  production.  In 
nearly  all  the  lower  animals  that  were  the  subjects  of  experiment^ 
an  augmentation  of  azote  was  observable  during  summer.  Some- 
times, indeed,  it  was  so  slight,  that  it  might  be  disregarded;  but,  in 
numerous  other  instances,  it  was  so  great  as  to  place  the  fact  beyond 
the  possibility  of  doubt;  and,  on  some  occasions,  it  almost  equalled 
the  whole  bulk  of  the  animal.  Such  were  the  results  of  his  obser- 
vations until  the  close  of  October,  when  he  noticed  a  sensible  di- 
minution in  the  nitrogen  of  the  inspired  air,  and  the  same  continued 
throughout  the  whole  of  winter  and  the  beginning  of  spring.  Dr. 
Edwabds  considers  it  probable,  that,  in  all  cases,  both  exhalation 
and  absorption  of  azote  are  going  on;  that  they  are  frequently  ac- 
curately balanced,  so  as  to  exhibit  neither  excess  nor  dcH&cieney  of 
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nitrogen  in  the  expired  tir,  whilst,  in  other  cases,  depending,  as  it 
would  appear,  chiefly  upon  temperature,  either  the  absorption  or  the 
exhalation  is  in  excess,  producing  a  corresponding  effect  upon  the 
composition  of  the  air  of.  expiration. 

But,  not  only  has  the  respired  air  lost  its  oxygenous  portion,  it 
h^s  gained,  as  we  have  remarked,  an  accession  of  carbonic  acid,  and, 
likewise,  a  quantity  of  serous  vapour. 

If  we  breathe  through  a  tube,  one  end  of  which  is  inserted  into 
a  vessel  of  lime  water,  the  fluid  soon  becomes  milky,  owing  to  the 
formation  of  carbonate  of  lime,  which  is  insoluble  in  water.  Car- 
bonic acid  must  consequently  have  been  given  off  from  the  lungs. 

Here,  again,  the  quantity  formed  in  the  day,  has  been  attempted 
to  be  computed,  Jurine  conceived,  that  the  amount,  in  air  once 
respired  in  natural  respiration,  is  in  the  enormous  proportion  of  j^th 
or  TT^^*  M£NZi£S,that  it  is  iVth;  and  from  his  estimate  of  the  total 
quantity  of  air  respired  in  the  twenty-four  hours,  he  deduced  the 
amount  of  carbonic  acid  formed  to  be  51840  cubic  inches,  equal  to 
d4105.6  grains. 

Lavoisier  and  Seouin,  in  their  first  experiments,  valued  it  at 
17720.89  grains;  but,  in  the  very  next  year,  they  reduced  their  es- 
timate more  than  one-half; — to  8450.20  grains;  and,  in  Lavoisier's 
last  experiment,  it  was  farther  reduced  to  7550.4  grains.  Sir 
HuMFHRT  Davy's  estimate  nearly  corresponds  with  that  of  the  first 
experiment  of  Lavoisier  and  Seguin, — 17811.36  grains;  and  MM. 
Allek  and  Pepys  accord  pretty  nearly  with  him.  The  expe- 
riments and  observations  of  Crawford,  Prout,  Edwards,  and 
others,  to  which  we  have  referred — as  regards  the  consumption  of 
oxygen,  under  various  circumstances, — apply  equally  to  the  quan- 
tity of  carbonic  acid  formed,  which  always  bears  a  pretty  close 
proportion  to  the  oxygen  consumed.  These  experiments  also  ac- 
count, in  some  degree,  for  the  descrepancy  in  the  statements  of  dif- 
ferent individuals  on  this  subject. 

It  has  been  a  question,  amongst  physiologists,  whether  the  quan- 
tity of  carbonic  acid  gas,  given  out^  is  equal  in  bulk  to  the  oxygen 
taken  in.  In  Priestley's  experiments,  the  latter  had  the  prepon- 
derance. Menzies,  and  Crawford  found  them  to  be  equal.  La- 
voisier and  Seouin  supposed  the  oxygen,  consumed  in  the  twenty- 
four  hours,  to  be  15661.66  grains;  whilst  the  oxygen,  required  for 
the  formation  of  the  carbonic  acid  given  out,  was  no  more  than 
12924  grains;  and  Sir  Humphry  Davy,  in  the  same  time,  found  the 
oxygen,  consumed,  to  be  15337  grains;  whilst  the  carbonic  acid  pro- 
duced was  17811.36  grains;  which  would  contain  12824.18  grains 
of  oxygen. 

The  experiments  of  Allen  and  Pepys,  however,  seem  to  show, 
that  the  oxygen,  which  disappears,  is  replaced  by  an  equal  volume  of 
carbonic  acid;  and  hence^Jt  was  supposed,  that  the  whole  of  it  must 
have  been  employed  in  the  formation  of  this  acid.  They,  consequent- 
ly, accord  with  MENZiE8,and  Crawford;  and  the  view  is  embraced 
i^y  Dalton,  Prout,  Ellis,  Henry,  and  otherdistinguished  individu- 
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als.  On  the  other  htnd,  the  view  of  those  who  consider  diat  the  quan- 
tity of  carbonic  acid  produced  is  less  than  tliat  of  the  oxygen  which 
has  disappeared,  is  embraced  by  Thomson,  and  by  Dulono  and 
Desfretz.  In  the  carnivorous  animal,  they  found  the  difiference  as 
much  as  one-third;  in  the  herbivorous,  on  the  average,  only  ^V^h. 

The  more  recent  experiments  of  Dr.  Edwards  have  shown,  that 
here,  again,  the  discordance  has  not  depended  so  much  upon  the 
difierent  methods  and  skill  of  the  operators,  as  upon  a  variation  in 
the  results,  arising  from  other  causes;  and  he  concludes,  that  the  pro- 
portion of  oxygen  consumed,  to  that  employed  in  the  production  of 
carbonic  acid,  varies  from  more  than  one4hird  of  the  volume  of  car- 
bonic acid  to  almost  nothing;  that  the  variation  depends  upon  the 
particular  animal  species,  subjected  to  experiment;  upon  its  age,  or 
on  some  peculiarity  of  constitution,  and  that  it  differs  considerably 
in  the  same  individual  at  different  times. 

It  would  appear,  then,  that  the  whole  of  the  oxygen,  which  res- 
piration abstracts  from  the  air,  is  not  accounted  for,  in  all  cases,  by 
the  quantity  of  carbonic  acid  formed;  and  that,  consequently,  some 
of  it  disappears  altogether.  It  has  been  supposed,  by  some,  that  a 
part  of  the  watery  vapours,  given  off  during  expiration,  is  occasioned 
by  the  union  of  a  portion  of  the  oxygen  of  the  air  with  hydrogen 
from  the  blood  in  the  lungs;  by  others,  that  the  oxygen  is  absorbed 
into  the  blood,  and  lost  in  its  course  through  the  system,  &c.;  but 
these  views  are  entirely  conjectural.  With  regard  to  the  quantity 
of  vapour,  combined  with  the  expired  air,  it  will  be  the  subject  of 
inquiry  under  the  head  of  Secretion, 

The  air  likewise  loses,  during  inspiration,  certain  foreign  mat- 
ters, that  may  be  diffused  in  it  In  this  way,  indeed,  medicines 
have  been  attempted  to  be  conveyed  into  the  system.  If  air,  charged 
with  odorous  particles, — as  with  those  of  turpentine,— be  breathed 
for  a  short  time,  their  presence  in  the  urine  will  be  detected;  and 
it  is  probably  in  this  manner,  that  miasmata  produce  their  effects 
on  the  frame.  All  these  substances  pass  immediately  through  the 
coats  of  the  pulmonary  veins  by  imbibition,  and,  in  this  manner, 
speedily  attain  the  most  distant  parts  of  the  system. 

These  changes,  produced  in  the  air  during  respiration,  are  easily 
shown,  by  placing  an  animal  under  a  receiver,  until  it  dies.  On 
examining  the  air,  it  will  be  found  to  have  lost  largely  of  its  oxy- 
gen, and  to  contain  much  carbonic  acid  and  aqueous  vapour. 

Let  us  inquire,  then,  whether  the  changes,  produced  in  the  re- 
spired air,  are  connected  with  those  effected  on  the  blood  in  the 
lungs.  In  its  progress  through  the  lungs  this  fluid  has  been  changed 
from  venous  into  arterial.  It  has  become  of  a  florid  red  colour;  of  a 
stronger  odour;  of  a  higher  temperature  by  nearly  two  degrees;  of 
less  specific  gravity,  and  it  coagulates  more  speedily.  That  this 
conversion  is  owing  to  the  contact  of  air  in  the  lungs  we  have  many 
proofs.  LowBR  was  one  of  the  first,  who  clearly  pointed  out,  that 
the  change  of  colour  occurs  in  the  capillaries  of  the  lunss.  Prior 
to  his  time,  the  most  confused  notions  had  prevailed  on  the  subject, 
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and  the  most  Tisionsry  hypotheses  had  been  iodu^^  On  openii^ 
the  thorax  of  a  liviDg  animal,  he  observed  the  precise  point  of  the 
circulation  at  which  the  change  of  colour  takes  place,  and  he  showed^ 
that  it  is  not  in  the  heart,  since  the  blood  continues  to  be  purple^ 
when  it  leaves  the  right  ventricle.  He  then  kept  the  lungs  artifi- 
cial] V  distended;  first  with  a  regular  supply  of  fresh  air,  and  after- 
wards with  the  same  portion  of  air  without  renewing  it  In  the 
ibrmer  case,  the  blood  experienced  the  usual  change  of  colour.  In  the 
second,  it  was  returned  to  the  left  side  of  the  heart  unchanged. 

Experiments,  more  or  less  resembling  those  of  Lowe^^  have  been 
performed  by  Goodwtk,  Cigna,  Bichat,  Wu.son  Phiijcf,  and 
numerous  others,  with  precisely  similar  results. 

The  direct  experiments  of  Prikstlet  more  clearly  showed,  that 
the  chanse,  effected  on  the  blood,  was  to  be  ascribed  to  the  air. 
He  found,  that  the  clot  of  venous  blood,  when  confined  in  a  small 
quantity  of  air,  assumed  a  scarlet  colour,  and  that  the  air  expe- 
rienced the  same  change  as  by  respiration.  He  afterwards  examined 
the  efiect  produced  on  the  blood  by  the  gaseous  elements  of  the  at- 
mosphere separately,  as  well  as  by  the  other  gaseous  fluids,  that  bad 
been  discovered.  The  clot  was  reddened  more  rapidly  by  oxygen 
than  by  the  air  of  the  atmosphere;  whilst  it  was  reduced  to  the  dark 
purple  by  nitrogen,  hydrogen,  and  carbonic  acid. 

Since  Psisstlxt's  time,  the  effect  of  different  gases  on  the  co» 
lour  of  venous  blood  has  been  investigated  by  numerous  indivi- 
duals. The  following  is  the  result  of  their  ol^rvations  as  given 
by  Thsnard.  It  must  be  remarked,  however,  that  all  experiments 
have  been  made  on  the  blood,  when  out  of  the  body ;  and  that  it  by 
no  means  follows,  that  precisely  the  same  changes  would  be  accom- 
plished if  the  fluid  were  circulating  in  the  vessels. 


Gm. 


Oxygen 

Atmospheric  air  -    -    - 

Ammonia 

Gaseous  oxjd  oi  carbon 
Deutoxide  of  azote  -    - 
Carburetted  hydrogen  - 
Azote  ------ 

Carbonic  acid     -    -    - 
Hydrogen  -    -    -    -    - 

Protoxide  of  azote   -    - 

Arseuuretted  hydrogen 
Sulphuretted  hydrc^n 

Hydrochloric  gas     -    - 
Sulphurous  gas    -    -    - 


Chlorine 


Colour. 


Rose  red. 

Do. 
Cherry  red. 
Slightly  violet^red 
Do. 
Do. 
Brown  red. 
Do. 
Do. 
Do. 
Deep  violet,  pass- 
ing gradually  to 
eenish  brown, 
aroon  brown.   ^ 
Black  brown. 
Blackish  brown, 
passing    by  de- 
srees  to  a  yel- 
lowish white. 


The  blood  employed 
had  been  beaten,  and, 
consequently,  depriv- 
ed of  its  fibrine.  . 


Remarks. 


These  three  gases 

>|ceagulate  the  blood  at 

the  same  time. 
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It  is  toffieiendy  mtnifesty  then,  from  the  disappearance  of  a  part 
of  the  oxygen  from  the  inspired  air,  and  from  the  effects  of  that  gas 
on  venous  blood  out  of  the  body,  that  it  forms  an  essential  part  in 
the  function  of  sanguification.  But  we  have  seen,  that  the  expired 
.  air  contains  an  unusual  proportion  of  carbonic  acid.  Hence  carbon, 
either  in  its  simple  state'  or  united  with  oxygen,  must  haVe^  been 
given  off  from  the  blood  in  the  vessels  of  the  lungs. 

To  account  for  these  changes  on  chymical  principles  has  been  a 
great  object  with  chymical  physiologists  at  all  times.  Pribstlst 
supposed  the  conversion  of  venous  into  arterial  blood,  to  be  a  kind  of 
combustion;  and,  according  to  the  notion  of  combustion  then  preva* 
lent,  it  was  presumed  to  consist  in  the  disengagement  of  phlogiston; 
ia  other  words,  the  abstraction  or  addition  of  a  portion  of  phlogis- 
ton made  the  blood,  he  conceived,  arterial  or  venous;  and  the  re- 
moval of  phlogiston  he  looked  upon  as  the  principal  use  of  respira- 
.  tion«  Ttus  view  was  modified  by  Lavoisier,  who  conceived,  that 
both  carbon  and  hydrogen  are  given  off  from  the  lungs,  and  that 
they  unite  with  the  oxygen  of  the  air  by  a  kind  of  combustion;  a 
part  of  the  oxygen  uniting  with  the  carbon  and  forming  carbonic 
acid,  another  portion  uniting  with  the  hydrogen  and  forming  water. 
The  presence  of  hydrogen  was,  however,  found  to  be  entirely  ideal; 
and,  subsequently,  the  general  opinion  was,  that  the  most  important 
change  experienced  by  the  blood  in  respiration,  consists  in  the  re- 
mov^  of  its  carbon. 

Two  chief  chymical  hypotheses  have  been  formed  to  explain  the 
mode  in  which  this  carbon  is  given  off.  The  first  is  that  of  Black, 
Prisstlkt,  Lavoishbr,  and  Crawford  ; — that  the  oxygen  of  the 
inspired  air  attracts  carbon  from  the  venous  blood,  and  that  the 
carbonic  acid  is  generated  by  their  union.  The  second,  which 
has  been  supported  by  Lagrakok,  Hassenfratz,  Edwards^  Bos- 
Tocx,  and  others, — that  the  carbonic  acid  is  generated  in  the  course 
of  the  circulation,  and  is  given  off  from  the  venous  blood  in  the 
lungs,  whilst  oxygen  gas  is  absorbed. 

The  former  of  these  views  is  still  maintained  by  a  number  of 
physiologists.  It  is  conceived,  that  the  oxygen,  derived  from  the  air, 
unites  with  certain  parts  of  the  venous  blood, — ^the  carbon  and  the 
hydrogen,— -the  result  of  which  union  is  that  carbonic  acid  and  water 
are  found  in  the  expired  air;  and  the  venous  blood,  thus  depurated 
of  its  carbon  and  hydrogen,  becomes  arterialized;  and,  in  conse* 
quence  of  these  various  combinations,  heat  enough  is  disengaged  to 
keep  the  body  always  at  the  due  temperature.  According  to  this 
theory,  as  we  have  seen  in  the  views  of  Prixstust,  Lavoisier,  &c. 
f  respiration  is  assimilated  to  combustion. 

The  resemblance,  indeed,  between  the  two  processes  is,  at  first 
aight,  considerable.  The  presence  of  air  is  absolutely  necessary  for 
respiration ;  in  every  variety  of  respiration  the  air  is  robbed  of  its 
oxygen;  and  hence  a  fresh  supply  is  continually  needed ;  and  it  is 
always  arrested  before  the  whde  of  the  oxygen  of  the  air  is  ex- 
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haustedy  and  this  partly  on  account  of  the  carbonic  gas  given  off  , 
during  expiration.-    Lastly,  it  can  be  continued  much  longer  when 
an  animal  is  confined  in  pure  oxygen  gas  than  in  atmospheric  air. 

All  these  cfrcumstances  likewise  prevail  in  combustion.  Every 
kind  of  combustion  requires  the  presence  of  air.  A  part  of  the  oxy-  . 
gen  of  the  air  is  consumed ;  and,  unless  the  air  be  renewed,  com- 
bustion is  impossible.  It  is  arrested,  too,  before  the  whole  of  the 
oxygen  is  consumed, owing  to  the  carbonic  acid  formed;  and  it  can 
be  longer  maintained  in  pure  oxygen.  Moreover,  when  the  air  has 
been  respired,  it  becomes  unfit  for  combustion, — and  conversely. 
From  these  analogies,  respiration  has  beeu  assimilated  to  combus- 
tion. 

Again,  the  oxygen  of  the  air,  in  which  combustion  is  taking 
place,  combines  with  the  carbon  and  hydrogen  of  the  burning  body; 
hence  the  formation  of  carbonic  acid  and  water;  and  as,  in  this 
combination,  the  oxygen  passes  from  the  state  of  a  very  rare  gas, 
or  one  containing  a  considerable  quantity  of  caloric  between  its 
molecules,  to  the  condition  of  a  much  denser  gas,  or  even  t>f  a 
liquid,  the  whole  of  the  caloric,  which  the  oxygen  contained  in  its 
former  state,  can  no  longer  be  held  in  the  latter,  and  it  is  accord- 
ingly disengaged ;  hence  the  heat  which  is  given  off.  In  like  man- 
ner, in  respiration,  the  oxygen  of  the  inspired  air  combines  with 
the  carbon  and  hydrogen  of  the  venous  blood ;  giving  rise  to  the 
formation  of  carbonic  acid  and  water;  and,  as  in  these  combinations, 
the  oxygen  passes,  also,  from  the  state  of  a  very  rare  to  that  of  a 
denser  gas,  or  of  a  liquid,  there  is  a  considerable  disengagement  of 
caloric,  which  becomes  the  source  of  the  high  temperature^  main- 
tained by  the  human  body, 

M.  Thbnard,  admits  a  modification  of  this  view, — sanguification 
being  owing,  he  conceives,  to  the  combustion  of  the  carbonaceous 
parts  of  the  venous  blood,  and  probably  of  its  colouring  matter,  by 
the  oxygen  of  the  air. 

This  chymical  theory,  which  originated  chiefly  with  Lavoisier 
and  La  Place,  and  Seothn,  was  adopted  by  Crawford,  Grek, 
OiRTANNER,  and  others,  with  but  little  modification.  Of  these  mo- 
difications it  may  be  well  to  refer  to  one  or  two.  Crawford  was 
of  opinion,  that  venous  blood  contains  a  peculiar  compound  of  car- 
bon and  hydrogen,  called  hydro-carbon,  the  elements  of  which 
unite  in  the  lungs  with  the  oxygen  of  the  air,  forming  water  with 
the  one,  and  carbonic  acid  with  the  other;  and  that  the  blood,  pu- 
rified in  this  manner,  assumes  the  scarlet  hue,  and  becomesadapted  to 
the  necessities  of  the  economy.  It  is  only  necessary  to  say,  that 
this  supposed  hydro-carbon  is  entirely  conjectural 

Mr«  Ellis  imagined,  that  the  carbon  is  separated  from  the  ve- 
nous blood  by  a  secretory  process;  and  that,  then,  coming  into  di- 
rect contact  with  oxygen,  it  is  converted  into  carbonic  acid.  The 
circumstance  that  led  him  to  this  opinion,  was  his  disbelief  in  the 
possibility  of  oxygen  being  able  to  aet  upon  the  blood  through  the 
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animal  membranie  or  coat  of  the  vessel^  in  which  it  is  confined. 
It  is  obvious^  however,  that  if  the  oxygen  penetrates  to  the  blood 
circulating  in  the  lungs,  it  must  in  all  cases  pass' through  the  coats  of 
the  pulmonary  vessels.  These  coats,  indeed,  offer  little  or  no  obstacle, 
and,  consequently,  there  is  no  necessity  for  the  vital  or  secretory 
action  suggested  by  Mr.  Ellis.  Priestlet  and  Hassenfbatz  ex- 
posed venous  blood  to  atmospheric  air  and  to  oxygen  in  a  bladder. 
In  iU  cases,  the  parts  of  the  blood,  in  contact  with  the  gases,  be- 
came of  a  florid  colour.  The  experiments  of  Dr.  J.  K.  Mitchell  are, 
in  this  aspect,  pregnant  with  interest.  They  prove  the  great  facility 
with  which  the  tissues  are  penetrated  by  the  gases,  and  confirm  the 
facts  developed  b^  the  experiments  of  Paiestlef  and  Hassen- 

rilATZ. 

The  second  hypothesis, — that  the  carbonic  acid  is  generated  in 
the  course  of  the  circulation, — was  proposed  by  Lagrange,  in 
consequence  of  the  objection  he  saw  to  the  former  hypothesis,— - 
that  the  lung  ought  to  be  consumed  by  the  perpetual  disengage- 
ment of  caloric  taking  place  within  it;  or  if  not  so,  that  its  tempera- 
ture ought,  at  least,  to  be  superior  to  that  of  other  parts.  He  ac- 
cordingly suggested,  that,  in  the  lungs,  the  oxygen  is  simply  ab- 
9orbedf  passing  into  the  venous  blood,  circulating  with  it,  and 
uniting,  in  its  course,  with  the  carbon  and  hydrogen,  so  as  to  form 
carbonic  acid  and  water,  which  circulate  with  the  blood,  and  are 
fioally  exhaled  from  the  lungs.  The  objection  of  Lagrange  was, 
however,  ingeniously  attempted  to  be  obviated  by  assuming,  that 
arterial  blood  has  a  greater  capacity  for  caloric  than  venous  blood, 
and,  consequently,  that  when  the  combustion,  under  the  former 
theory,  takes  place  in  the  lungs,  the  disengaged  caloric  is  taken  up 
by,  and  becomes  latent  in,  the  arterial  blood,  so  that  no  sensible  in- 
fluence can  be  exerted  by  it  on  the  lungs;  whilst  it  is  disengaged 
ia  the  capillary  vessels,  when  the  blood  again  becomes  venous  and 
acquires  a  less  capacity  for  caloric;  thus  giving  rise  to  the  pheno-* 
mena  of  animal  heat,  which  will  have  to  be  considered  hereafter. 

The  ingenious  and  apparently  accurate  experiments  of  Dr.  Ed- 
WAHBS  prove  convincingly,  not  only  that  oxygen  is  absorbed  by 
the  pulmonary  vessels,  but  that  carbonic  acid  is  exhaled  from  them.' 
When  he  confined  a  small  animal  in  a  large  quantity  of  air,  and 
continued  the  experiment  sufficiently  long,  he  found,  that  the  rate 
of  absorption  was  greater  at  the  commencement  than  towards  the 
termination  of  the  experiment;  and,  at  the  former  period,  there 
must  have  been  an  excess  of  oxygen  present,  and  at  the  latter  an 
excess  of  carbonic  acid.  This  proved  to  him  that  the  diminution 
was  dependent  upon  the  absorption  of  oxygen,  not  of  carbonic  acid. 
His  experiments,  in  proof  of  the  exhalation  of  carbonic  acid,  ready 
formed  by  the  lungs,  are  very  decisive.  Sfallanzani  had  asserted, 
that  when  certain  of  the  lower  animals  are  confined  in  gases,  con- 
taining no  oxygen,  the  production  of  carbonfc  acid  is  uninterrupt- 
ed.   IFpoQ  the  strength  of  this  assertion,  Edwards  confined  frogi 
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in  pure  hydrogen,  for  a  length  of  time.  The  result  indicated,  that 
carbonic  acid  was  produced,  and,  in  such  quantity  as  to  show,  that 
it  could  not  have  been  derived  from  the  residual  air  in  the  lungs, 
as  it  was,  in  some  cases,  equal  to  the  bulk  of  the  animal.  The  same 
results,  although  to  a  less  degree,  were  obtained  with  fishes  and 
8nail6/--4he  animals  on  which  Spallanzani's  observations  were 
made. 

The  experiments  of  Edwards  were  extended  to  the  mammalia. 
Kittens,  two  or  three  days  old,  were  immersed  in  hydrogen.  They 
remained  in  this  situation  for  nearly  twenty  minutes,  without  dying. 
On  examining  the  air  of  the  vessel  after  death,  it  was  found  that 
they  had  given  off  a  quantity  of  carbonic  acid  greater  than  could 
possibly  have  been  contained  in  their  lungs  at  the  commencement 
of  the  experiment  The  conclusion,  deduced  by  Dr.  Edwards, 
from  his  experiments,  is,  *^  that  the  carbonic  acid  expired  is  an  ex- 
halation proceeding  wholly  or  in  part  from  the  carbonic  acid  con- 
tained in  the  mass  of  blood."  Several  experiments  have  been  re- 
cently made  by  M .  Collard  de  M artiont,  who  substituted  azote 
for  hydrogen;  and  in  all  cases,  carbonic  acid  gas  was  given  out  in 
considerable  quantity. 

These  experiments,  then,  would  seem  to  show,  that  carbonic  acid 
is  exhaled  in  the  lungs,  and  that  oxygen  is  absorbed;  but  it  is  by  no 
means  proved,  that  the  latter  goes  to  the  formation  of  the  former  in 
the  lungs  or  elsewhere.  They  would,  also,  prove  the  existence  of 
carbonic  acid  in  the  venous  blood,  respecting  which  so  much  dissi- 
dence  has  existed  amongst  cliymists;  and  certain  experiments  by 
CriRTANNSR  are  cited  as  proofk,  that  free  oxygen  is  contained  in 
arterial  blood.  He  placed  the  arterial  blood  of  the  sheep  under  a 
bell-glass  filled  with  azote.  In  thirty  hours,  enough  oxygen  was 
disengaged  to  admit  a  candle  to  bum  for  two  minutes  under  the  glass^ 

Chaussier  and  Adslon,  again,  regard  the  whole  process  of  hse- 
matosis  as  essentially  organic  and  vital.  They  think,  that  an  ac- 
tion of  selection  and  elaboration  is  demanded,  both  as  regards  the 
reception  of  the  oxygen  and  the  elimination  of  the  carbonic  acid. 
But  their  arguments  on  this  point  are  unsatisfactory,  and  are  nega- 
tived by  the  facility  with  which  oxygen  can  be  imbibed,  and  with 
which  carbonic  acid  transudes  through  animal  membranes.  In  their 
view,  the  whole  process  is  effected  in  the  lungs,  as  soon  as  the  air 
comes  in  contact  with  the  vessel  containing  the  venous  blood.  The 
imbibition  of  oxygen  they  look  upon  as  a  case  of  ordinary  absorp- 
tion ;  the  transudation  of  carbonic  acid  as  one  of  exhalation ;  both  of 
which  they  conceive  to  be,  in  all  cases,  vital  actions,  and  not  to  be 
likened  to  any  physical  or  chymical  operation. 

Admitting,  that  the  oxygen  and  a  portion  of  nitrogen  absolutely 
enter  the  pulmonary  vessels,  of  which  we  appear  to  have  the  most 
direct  proof,  are  they,  it  has  been  asked,  separated  from  the  air  in 
the  air-cells,  and  then  absorbed ;  or  does  the  air  enter,  undecomposed, 
into  the  vessels,  and  then  furnish  the  proportion  of  each  of  its  con^ 
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stiluents,  which  is  necessary  for  the  wants  of  ttie  system,  the  excess 
being  rdected  ?  Could  it  be  shown  that  such  a  decomposition  is  ac- 
tually effected  at  the  point  of  contact  between  the  pulmonary  vessels 
and  the  air  in  the  lungs,  it  would  go  far  to  prove  the  notion  of 
£ixis,  and  of  Chaussier  and  Adelon,  that  an  action  of  selection, 
or  of  vitality  is  exerted;  but  we  have  no  evidence  in  favour  of  this. 
Sir  HuMPHBT  Davy,  indeed,  is  of  opinion,  that  the  whole  of  the  air 
is  absorbed,  and  that  the  surplus  quantity  of  each  of  the  constituents 
is  subsequently  discharged.  In  favour  of  this  view,  he  remarks,  that 
air  has  the  power  of  acting  upon  blood  through  a  stratum  of  serum; 
and  he  thinks,  that  the  undecomposed  air  must  be  absorbed  before  it 
can  arrive  at  the  blood  in  the  vessels.  This  is  extremely  probable; 
for  we  have  already  seen,  that  air  disappears  during  respiration,  and 
consequently,  it  must  have  been  taken  into  the  system. 

It  has  been  remarked,  that  when  oxygen  is  applied  to  venous 
blood  it  changes  it  to  a  florid  colour.  On  what  part  of  the  blood, 
then,  does  the  oxygen  act  ?  The  general  belief  is,  upon  the  red  glo- 
bules. The  facts  we  have  stated  in  the  description  of  veitous  blood, 
have  shown,  that  these  globules  appear  to  consist  of  a  colourless 
nucleus,  surrounded  by  a  coloured  envelope ;  that  both  of  these  are 
devoid  of  colour,  whilst  they  exist  as  chyle  and  lymph ;  but  that,  in 
the  lungs,  the  contact  of  air  changes  the  envelope  to  a  florid  red. 
Some,  indeed,  have  believed,  that  both  the  envelope  and  its  colour 
are  added  in  the  lungs.  The  coloration  of  the  blood,  consequendy^ 
seems  to  be  ejflTected  in  the  lungs;  but  whether  this  change  is  of  any 
importance  in  hsematosis  is  doubtful.  In  many  animals,  the  red  co- 
lour does  not  exist;  and,  in  all,  it  can  perhaps  only  be  esteemed  an 
evidence,  that  the  other  important  changes  have  been  accomplished 
in  the  lungs.  Recently,  the  opinion  has  been  revived,  that  the  oxy- 
gen of  the  air  acts  upon  the  iron  which  Enoelhart  and  Ross  have 
detected  in  the  colouring  matter,  but  how  we  know  not  It  is  as- 
serted, that  if  the  iron  be  separated,  the  rest  of  the  colouring  mat- 
ter, which  is  of  a  venous  red  colour,  loses  the  property  of  becoming 
scarlet  by  the  contact  of  oxygen. 

The  slight  diminution,  if  it  exist,  in  the  specific  gravity  of  arterial 
blood,  is  considered,  but  we  know  not  on  what  grounds,  to  be  owing 
to  the  transpiration  which  takes  place  in  the  air-cells,  and  which 
was  formerly  thought  to  be  owing  to  the  combustion  of  oxygen 
and  hydrogen.  This  will  engage  us  in  another  place,  as  well  as  the 
changes  produced  in  its  capacity  for  heat,  and  on  which  several  in- 
genious speculations  have  been  founded,  to  account  for  animal 
temperature.  The  other  changes  are  at  present  inexplicable,  and 
can  only  be  understood  hereafter  by  minute  chymical  analysis,  and 
by  an  accurate  comparison  of  the  two  kinds  of  blood, — ^venous  and 
arterial. 

It  is  manifest,  from  the  preceding  detail,  that  our  knowledge  re- 
garding the  precise  changes,  effect^  upon  the  air  and  the  blood  by 
respiration,  are  by  no  means  definite.    In  the  first  place: — the  air 
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loses  a  part  of  its  oxyceni  but  this  loss  yaries  according  to  numerous 
circumstances.  2dly,  li  is  found  to  have  acquired  carbonic  acid|  the 
quantity  of  which  is  also  variable;  but  as  a  general  principle  it  is 
less  than  the  oxygen  consumed.  Sdly,  The  bulk  of  the  air  is  dimi* 
nished;  but  the  quantity  of  this  likewise  differs.  4thly,  Azote  i» 
both  absorbed  and  exhaled  by  the  lungs,  to  a  variable  amount  5thly, 
The  blood,  when  it  attains  the  left  side  of  the  heart,  has  a  more  florid 
colour.  6thly,  This  change  appears  to  be  caused  by  the  contact  of 
oxygen.  7thly,  The  blood  in  the  lungs  gets  rid  of  a  quantity  of  car- 
bon, united  with  oxygen  in  the  form  of  carbonic  acid.  Sthly,  It  ab- 
sorbs oxygen,  and  more  than  is  necessary  for  the  carbonic  acid  form- 
ed. 9thly,  The  blood,  as  it  passes  through  the  lungs,  probably  both 
absorbs  and  exhales  azote; — the  proportion  which  these  processes  bear 
to  each  other  being  extremely  variable.  lOthly,  The  air  passes 
directly  through  the  coats  of  the  pulmonary  vessels,  and  certain 
portions  of  each  of  its  constituents  are  discharged  or  retained,  ac- 
cording to  circumstances ;  and,  lastly^  a  quantity  of  aqueous  vapour, 
containing^lbumen,  is  discharged  from  the  lungs;  but  this  is  a  true 
secretion,  and  not  a  consequence  of  respiration. 

Aquestion,again,  has  arisen,  whetherany  absorption  and  exhalation 
of  air  and  conversion  of  blood  from  venous  to  arterial  takes  place  in 
any  other  part  of  the  body  than  the  lungs.  The  reasons  urged  in  favour 
of  the  afiSrmative  of  this  view,  are: — that,  in  the  lower  classes  of  ani- 
mals, the  skin  is  manifestly  the  organ  for  the  reception  of  the  air; 
that  the  mucous  membrane  of  the  lungs  evidently  absorbs  air,  and 
is  simply  a  prolongation  of  the  skin,  and  resembles  it  in  texture;  and, 
lastly,  that  when  a  limited  quantity  of  air  has  been  placed  in  con- 
tact with  the  skin  of  a  living  animal,  it  has  been  absorbed  and  expe- 
rienced the  same  changes,  as  are  effected  in  the  lungs.  Mr.  Crttik- 
SHANK  and  Mr.  Abernetht  analyzed  the  air,  in  which  the  hand  or 
foot  had  been  confined  for  a  certain  length  of  time,  and  detected  in 
it  a  considerable  quantity  of  carbonic  acid.  Jurine,  having  placed 
his  arm  in  a  cylinder  hermetrically  closed,  found,  after  it  had  re- 
mained there  two  hours,  that  oxygen  had  disappeared,  and  that 
0.08  of  carbonic  acid  had  been  formed.  These  results  were  con- 
firmed by  Gattoni.  On  the  other  hand,  Drs.  Priestlet,  Elapp, 
and  Gordon  could  never  perceive  the  least  change  in  the  air  under 
such  circumstances.  Perhaps  in  these,  as  in  all  cases,  where  the  res- 
pectability of  testimony  is  equal,  the  positive,  should  be  adopted 
rather  than  the  negative  evidence.  It  is  probable,  however,  that, 
in  all  cases,  the  absorption  must  be  effected  with  difficulty;  and 
that  the  cuticle  is  placed  on  the  outer  surface  to  obviate  the  bad 
effects,  which  would  be  induced  by  heterogeneous,  gaseous,  mias- 
matic, or  other  absorption.  We  have  seen,  that  some  of  the  dele- 
terious gases,  as  the  sulphuretted  hydrogen,  are  jnost  powerfully 
penetrant,  and,  if  they  could  enter  the  absorbents  of  the  surface  of 
the  body  with  readiness,  unfortunate  results  might  supervene.  It 
is  probable,  however,  that  in  those  parts,  where  the  cuticle  is  ex- 
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tremely  delicate,  as  in  the  lips,  some  conyersioD  of  the  venous  blood 
into  arterial  may  be  effected,  and  be  a  great  cause  of  their  florid 
colour.  According  to  this  view,  the  arterializatlon  of  the  blood  occurs 
in  the  lungs  chiefly,  owing  to  their  formation  being  so  admirably 
adapted  to  the  purpose,  and  it  is  not  effected  in  other  parts,  owing 
to  their  arrangement  being  unfavourable  for  such  result 

It  remains  for  us  to  inquire  into  the  effect,  produced  on  the  lungs 
by  the  cerebral  nerves  distributed  to  them, — or  rather  into  what  is 
the  effeet  of  depriving  the  respiratory  organs  of  their  nervous  in- 
fluence from  the  brain.  The  only  cerebral  or  encephalic  nerves,  dis- 
tributed to  them,  are  the  pneumogastric  or  eighth  pair  of  Willis, 
which  we  have  seen  are  sent,  as  their  name  imports,  to  both  the 
lungs  and  the  stomach.  The  section  of  these  nerves  early  suggest- 
ed itself  to  physiologists,  but  it  is  only  in  recent  times  that  the  phe- 
nomena resulting  from  it  have  been  clearly  comprehended.  The 
operation  appears  to  have  been  performed  as  long  ago  as  the  time 
of  RuFUS  of  Ephesus,  and  was  afterwards  repeated  by  Chirac, 

BOHK,  DlTV£RN£Y,yiEUSSENS,  ScHRADBR,  VALSALVA,  MoROAONI, 

HALL£B,and  numerous  other  distinguished  physiologists.  It  is 
chiefly,  however,  in  very  recent  times,  and  especially  by  the  labours 
of  DuFUTTREN,  Dumas,  De  Blainville,  Prov£N9Al,  Leoallois, 
Maosnbie,  Breschet,  Hastings,  Brouohton,  Brodie,  and  Wil- 
son Philip,  that  the  precise  effects  upon  the  respiratory  and  diges- 
tive function  have  been  appreciated. 

When  these  nerves  are  divided  in  a  living  animal,  on  both  sides 
at  once,  the  animal  dies  more  or  less  promptly;  at  times,  imme- 
diately after  their  division;  but  sometimes  it  lives  for  a  few  days; 
Maoenbib  says  never  beyond  three  or  four. 

The  effects  produced  upon  the  voice,  by  the  division  of  the  pneu- 
mogastric nerves  above  the  origin  of  the  recurrents,  have  been  re- 
ferred to,  under  another  head.  Such  division,  however,  does  not 
simply  implicate  the  larynx,  but  necessarily  affects  the  lungs,  as 
well  as  the  stomach.  As  re|rards  the  larynx,  precisely  the  same  re^ 
suit  would  be  produced  by  dividing  the  trunk  of  the  pneumogastric 
above  the  origin  of  the  recurrents,  as  by  the  division  of  the  recur- 
rents themselves:  the  muscles,  whose  function  it  is  to  dilate  the 
glottis,  are  paralyzed;  and,  consequently,  during  inspiration,  no  dila- 
tation takes  place;  whilst  the  constrictors,  which  receive  their 
nerves  from  the  superior  laryngeal,  preserve  all  their  action,  and 
close  the  glottis,  at  times  so  completely,  that  the  animal  dies  imme- 
diately from  suffocation.  But  if  the  division  of  these  nerves  should 
not  induce  instant  death  in  this  manner,  a  series  of  symptoms  fol- 
lows, considerably  alike  in  all  cases,  which  go  on,  until  the  death 
of  the  animal  These  phenomena,  according  to  Maosndie,  are  the 
following: — the  respiration  is,  at  first,  difficult;  the  inspiratory 
movements  are  mote  extensive  and  rapid;  and  the  animal's  attention 
appears  to  be  particularly  directed  to  it;  the  locomotive  movementa 
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are  less  freqaent,  and  evidently  fatigue;  frequentiy  the  animal  re- 
mains entirely  at  rest:  the  formation  of  arterial  blood  is  not  pre- 
vented at  first;  but  soon,  in  the  second  day  for  instance,  the  diffi- 
culty of  breathing  augments,  and  the  inspiratory  effects  become 
gradually  greater.  The  arterial  blood  has  now  no  longer  the  Ver- 
million hue,  which  is  proper  to  it  It  is  darker  than  it  ought  to  be. 
Its  temperature  falls.  Respiration  requires  the  exertion  of  all  the 
respiratory  powers.  At  length,  the  arterial  blood  b  almost  like  the 
venous,  and  the  arteries  contain  but  little  of  it;  the  body  gradually 
becomes  cold,  and  the  animal  dies.  On  opening  the  chest,  the  air- 
cells,  the  bronchi,  and,  frequendy,even  the  trachea,  are  found  filled 
by  a  frothy  fluid,  which  is  sometimes  bloody;  the  substance  of 
the  lung  is  tumid;  the  divisions  and  even  the  trunk  of  the  pulmo- 
nary artery  are  greatly  distended  with  dark,  almost  black,  blood; 
and  extei^sive  effusions  of  serum  and  even  of  blood  are  found  in  the 
parenchyma  of  the  lungs.  Experiments  have,  likewise,  shown,  that, 
in  proportion  as  these  symptoms  appeared,  the  animals  consumed 
less  and  less  oxygen,  and  gave  off  a  progressively  diminishing 
amount  of  carbonic  acid. 

From  the  phenomena  that  occur  after  the  section  of  these  nerves 
on  both  sides,  it  would  seem  to  follow,  that  the  first  effect  is  exert- 
ed upon  the  tissue  of  the  lungs,  which,  being  deprived  of  the  nervous 
influence  they  receive  from  the  brain,  are  no  longer  capaUe  of 
exerting  their  ordinary  elasticity  or  muscularity,  whichsoever  it 
nay  be.  Respiration,  consequentiy,  becomes  difficult;  the  blood  no 
longer  circulates  freely  through  the  capillary  vessels  of  tiie  lungs; 
the  consequence  of  this  is,  that  transudation  of  its  serous  portions, 
and  occasionally  effusion  of  blood,  owing  to  rupture  of  small  ves- 
sels, takes  place,  filling  the  air-cells  more  or  less;  until,  ultimately, 
all  communication  is  prevented  between  the  inspired  air  and  the 
Uood-vessels  of  the  lungs,  and  the  conversion  of  the  venous  into 
arterial  blood  is  completely  precluded.  Death  is,  then,  the  inevitable 
and  immediate  consequence. 

The  division  of  the  nerve  of  one  side  affects  merely  the  lung  of  the 
corresponding  side;  life  can  be  continued  by  the  action  of  one  only. 
It  is,  indeed,  a  matter  of  astonishment  how  long  some  individuds 
have  lived,  when  tiie  lungs  have  been  almost  wholly  obstructed, 
^very  morbid  anatomist  must  have  had  repeated  opportunities  {or 
observing,  that,  in  cases  of  pulmonary  consumption,  for  a  length  of 
time  prior  to  dissolution,  the  procera  of  respiration  must  have  been 
wholly  effected  by  a  very  small  portion  of  lung. 

The  experiments  of  Dr.  Wilson  Philip  and  others  moreover  show, 
-^what  has  been  more  than  once  inculcated,— the  great  similarity 
between  tire  nervous  and  galvanic  fluids.  When  the  state  of  djrs- 
pnoea  was  induced  by  the  division  of  the  pneumogastric  nerves, 
the  galvanic  current  was  passed  from  one  divided  extremity  to 
flie  other,  and,  in  mimeroas  eases,  the  dyspnoea  entirely  oe»ed. 
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The  reoulU  of  these  experiments  induced  him  to  try  the  effect  of 
galyanism  in  cases  of  asthma.  By  transmitting  its  influence  from 
the  nape  of  the  neck  to  the  pit  of  the  stomach,  he  gave  decided 
relief  in  every  one  of  twenty-two  cases,  four  of  which  occurred  in 
private  practice,  and  eighteen  in  the  Worcester  Infirmary. 

There  is  one  other  topic,  which,  although  not  directly  belonging 
to  physiology,  has  been  so  much  the  subject  of  experiment  with 
physiologists,  that  it  is  worthy  of  observatiouw    We  allude  to  the 

Respiration  of  different  Oases. 

Experience  has  sufficiently  proved,  that  no  combination  of  gases, 
except  that  which  exists  in  the  atmosphere,  is  adapted  for  the  pro- 
longed existence  of  animals,  or  even  of  plants.  Oi  the  other  gases, 
there  are  some, which  are  entirely  irrespirable, producing  a  spasmodic, 
eloaure  of  the  glottis,  and  thus  inducing  suffocation;  others  that  are 
negatively  deleterious,  by  depriving  the  animal  of  its  due  supply 
of  oxygen;  and  others,  again,  which  act  on  the  body  in  a  positively 
noxious  manner. 

Soon  after  the  gases  were  discovered,  their  effects  upon  the  respi- 
ration of  animals  were  tested;  but  the  most  accurate  and  extensive 
information,  which  we  possess  on  the  subject,  was  afforded  by  the 
labours  of  JBxddozs,  and  his  distinguished  pupil  Sir  Huhfhrt 
Davy. 

The  gases,  which  have  been  chiefly  subjected  to  experiment,  are:— 
oxygen^  protoxide  qfazote^  hydrogen,  azote,  carburetted  hydro- 
gen,  carbonic  acid,  carbonic  oxide,  sulphuretted  hydrogen,  arse- 
nuretted  hydrogen,  ammoniacal  gas,  muriatic  acid  gas,  nitrous 
acid  gas,  nitric  oxide,  and  chlorine. 

Oxygen. — ^This  gas,  which  we  have  seen  to  be  so  essential  to  res- 
piration, and  which  has  hence  acquired  the  name  vital  air,  has 
been  subjected  to  numerous  experiments,  and  the  general  result 
jq>pears  to  be,  a  belief,  that  it  acts  in  a  positively  deleterious  man- 
ner; and  tha^  although  an  animal  may  live  in  a  limited  portion  of 
it  a  considerable  time  longer  than  in  the  same  quantity  of  atmos- 
pheric air,  its  respiration  becomes  hurried  and  laborious  before  the 
whole  is  consumed,  and  it  dies,  although  a  fresh  animal  of  the  same 
kind  is  capable  of  sustaining  life  for  some  time  in  the  residuary  air. 
The  belief  is  not  perhaps  legitimate.  A  part,  if  not  the  whole, 
of  the  dyspnoea  and  death  may  be  produced  by  the  evolution  of 
carbonic  add,  which  is  unfavourable  to  animal  life;  whilst  a  fresh 
animal  may  be  enabled  to  resist  its  action  for  a  time  and  take  up 
some  of  the  residuary  oxygen.  Oxygen  is  one  of  the  gases,  whicn 
has  been  re^urded,  on  very  insufficient  evidence  however,  to  exert  a 
stimulant  effect  upon  the  blood,  by  which  the  left  side  of  the  heart, 
to  which  the  blood  is  returned  from  the  lungs,  and  the  arterial  sy»* 
ten  are  excited  to  action;  and  it  was  aoooraingly  respired,  at  one 
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time^in  diseases  of  chronic  debility — io  chlorosis,  asthma,  paralysis, 
&C.;  but  its  use  has  been  long  abandoned. 

Protoxide  of  Azote. — ^This  gas,  which  consists  of  the  same  con- 
stituents as  atmospheric  air,— -oxygen  and  azote, — but  in  different  pro- 
portions, is  possessed  of  very  singular  properties.  It  is  the  dephJUh 
gisticated  nitrous  air  of  its  discoverer  Priestlbt,  the  nitrous 
oxide^  protoxide  ofnitrogtn^  or  laughing  gas;  the  last  name  hav- 
ing been  assigned  to  it  by  reason  of  its  properties. 

Sir  Humphry  Davy  first  showed,  that,  by  breathing  a  few  quarts 
of  this  gas  from  a  silken  bag,  for  two  or  three  minutes,  effects,  resem- 
bling those  produced  by  drinking  intoxicating  liquors,  are  excited; 
yet  It  does  not  produce  the  same  effect  on  all  individuals,  as  might, 
indeed,  have  been  expected.  It  is  strange,  however,  that  although 
the  evidence  in  Sir  Humphry  Davy's  "Researches'*  was  most 
overwhelming;  and  although  it  is  annually  breathed  in  the  chymical 
rooms  of  this  country  and  Great  Britain,  by  hundreds  of  students, 
and  even  made  the  subject  of  itinerant  exhibition,  the  French  chy- 
mists  assert,  that,  in  all  cases  in  which  they  have  tried  it,  it  has  sim- 
ply produced  indisposition.  In  the  very  last  edition  of  his  Chy- 
mistry,  Thenard  affirms,  "  tons  ceux  h  quije  Paivu  respirer  s^en 
sont  trouv6s  mal/*  and  professor  Pellbtan,  in  his'^  Dictionnaire 
de  Chimie/^  remarks — that  "In  England  several  persons  have 
exhibited  a  kind  of  delirious  gaiety,  to  such  an  extent,  that  it  was 
necessary  to  snatch  away  the  bladder,  that  contained  the  gas;  debt- 
lity  and  syncope  soony  however ^  succeeded  this  primary  state  of 
excitement  (!!)  In  France,  in  the  experiments  of  VAUQusLni  and 
Thenard,  vertigo,  head-ache  and  protracted  lassitude  were  alone 
experienced;  and  in  no  case  could  it  be  respired  more  than  a  few 
minutes.'' 

The  only  way  of  accounting  for  these  results  is  by  the  supposi- 
tion, that  these  distinguished  chymists  must  have  had  idiosyncrasies, 
which  caused  them  to  be  affected  differently  from  most  other  indi- 
viduals; or  that  the  gas  was  impure;  and  that  the  promulgation  of 
the  fact  of  indisposition  having  succeeded  the  respiration  of  the  gas 
in  a  few  cases  has  deterred  others  from  having  recourse  to  it. 

In  his  **  Researches"  on  this  subject.  Sir  Humphry  Davy  has 
given  the  autographies  of  several  eminent  individuals  relative  to 
the  effects  produced  upon  them.  Sir  Humphry  himself  breathed 
four  quarts  of  nitrous  oxide  from,  and  into,  a  silk  bag.  His  fint 
feelings  were  those  of  giddiness;  but,  in  less  than  half  a  minute, 
the  respiration  being  continued,  they  diminished  gradually  and  were 
succeeded  by  a  sensation,  analogous  to  gentle  pressure  on  all  the 
muscles,  attended  by  a  highly  pleasurable  thrilling,  particularly  in 
the  chest  and  extremities.  The  objects,  around  him,  became  daz- 
zling, and  his  hearing  more  acute.  Towards  the  last  inspiration, 
the  thrilling  increased,  the  sense  of  muscular  power  became  greater; 
and,  at  last,  an  irresistible  propensity  to  action  was  indulged.  What 
followed  after  this  he  recollected  but  indistinctly;  but  his  motions 
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were  various  ^nd  violent  The  effects  soon  ceased  after  respiration; 
and,  in  ten  minutes,  he  had  recovered  his  natural  state  of  mind. 
The  thrilling  in  the  extremities  continued  longer  than  the  other  sen- 
sations. 

Dr.  Robert  Sottthet,  the  distinguished  laureate  of  England, 
could  not  discriminate  between  the  first  effects  and  an  apprehension 
of  which  he  was  unable  to  divest  himself.  His  first  definite  sensa- 
tions were,  a  fullness  and  dizziness  in  the  head,  such  as  to  induce  a 
fear  of  falling.  This  was  succeeded  by  an  involuntary  laugh,  but 
one  of  a  highly  pleasurable  character,  accompanied  with  a  peculiar 
thrilling  in  the  extremities; — a  sensation  perfectly  new  and  delight- 
ful. For  many  hours  after  this  experiment,  he  imagined,  that  his 
taste  and  smell  were  more  acute,  and  he  felt  umisually  strong  and 
cheerful.  In  a  second  experiment,  he  felt  still  superior  pleasure; 
and  has  poetically  remarked,  that  he  supposes  the  atmosphere  of  the 
highest  of  all  possible  heavens  to  be  composed  of  this  gas. 

Mr.  Wedgewood  breathed  atmospheric  air  first  without  knowing 
it  was  so.  He  declared  it  to  have  no  effect,  which  confirmed  him 
in  his  disbelief  of  the  power  of  the  gas.  After  breathing  the  nitrous 
oxide,  however,  for  some  time,  he  threw  the  bag  from  him,  kept 
breathing  on  laboriously  with  an  open  mouth,  holding  his  nose  with 
his  left  hand,  without  power  to  take  it  away,  though  aware  of  the 
ludicrousness  of  his  situation.  All  his  muscles  seemed  to  be  thrown 
into  vibratory  movement.  He  had  a  violent  inclination  to  make 
antic  gestures;  seemed  lighter  than  the  atmosphere,  and  as  if  about 
to  ascend.  Before  the  experiment  he  was  a  good  deal  fatigued  after 
a  long  ride ;  but  the  feeling  left  him  during  the  respiration  of  the 
gas. 

All  these  and  analogous  effects  are  daily  produced  by  the  exhi- 
biters  of  this  singular  compound;  and  we  have  seen  it  annually 
given  to  a  class  for  the  last  seven  years  without  any  of  the  indispo- 
sition resulting,  which  has  been  referred  to  by  the  French  chymists. 
There  are  some,  however,  in  whom  its  effects  are  always  painful. 

The  gas,  according  to  the  experiments  of  Dr.  Mitchell,  is  pos- 
sessed of  considerable  penetrative  power.  By  means  of  this,  it  can 
readily  pass  through  the  coats  of  the  pulmonary  vessels,  get  into 
the  venous  blood,  and  produce  its  effects  directly  upon  the  brain,  in 
the  same  manner  as  other  intoxicating  substances. 

Although  capable  of  being  respired,  nitrous  oxide  is  unfit  to  support 
life.  Priestley  found  that  this  was  the  fact,  and  it  has  been  confirm- 
ed by  other  chymists.  Mice,  introduced  into  a  jar  of  it,  di6  almost 
immediately,  whilst  in  azote,  hydrogen,  and  carbonic  acid,  they 
struggle  for  a  short  time. 

Hydrogen. — This  gas  does  not  appear,  from  the  experiments  of 
Lavoisieb,  Sir  H.  Davt,  and  others,  to  exert  any  positively  dele- 
terious power,  when  respired ;  and  seems  to  destroy  by  excluding 
oxygen ;  hence,  its  effects  are  of  a  negative  character.  In  a  pure 
state,  if  the  lungs  have  been  previously  emptied,  as  far  as  possible, 
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of  atmospberie  air,  it  can  be  breathed  for  a  Tery  abort  time  only; 
quickly  occasioning  giddiness  and  a  sense  of  suffocation;  tbe  coun- 
tenance becoming  livid^  and  the  pulse  sinking  rapidly,  followed  by 
a  state  of  insensibility. 

When  the  gases  were  employed  medicinally,  hydrogen  was  used 
to  diminish  muscular  power  and  sensibility,  and  a  reduction  of  the 
force  of  the  circulation;  in  catarrh,  spitting  of  blood,  consump- 
tion, kc* 

Nitrogen  or  azote^  when  respired,  exerts,  like  hydrogen,  a  nega- 
tive influence,  and  proves  fatal  simply  by  excluding  oxygen;  an 
opinion,  which  as  Bostock  properly  remarks,  might  naturally  be 
formed  respecting^  substance,  that  enters  so  largely  into  the  con- 
stitution of  the  atmosphere,  and  which,  if  it  were  possessed  of  any 
positively  hostile  properties,  would  be  unfitted  for  its  office,  seeing 
that  it  is  at  all  times  received  so  largely  into  the  lungs  of  animals. 

Carburetted  hydrogen  gas* — ^Tnis  is  the  most  active  of  the 
gases  that  are  conceived  to  operate  by  depressing  the  vitat  func- 
tions. Even  when  largely  diluted  with  atmospheric  air,  it  occa- 
sions vertigo,  sickness,  diminution  in  the  force  and  velocity  of  the 
pulse,  reduction  of  muscular  vigour,  and  every  symptom  of  dimi- 
nished power.  In  an  undiluted  state,  it  can  scarcely  be  respured. 
Sir  Humphry  Davt  found,  that,  at  the  third  inspiration,  total  in- 
sensibility was  induced,  and  symptoms  of  excessive  debility  con- 
tinued for  a  considerable  period ;  effects  which  sufficiently  exhibit 
its  positively  deleterious  agency.  At  one  time,  in  a  properly  di- 
luted condition,  it  was  conceived  to  exert  a  beneficial  effect  in  dis- 
eases of  increased  action;  but  it  is  now  entirely  laid  aside. 

Carbonic  acid. — The  experiments  of  Pilatre  ds  Rozibb  and 
of  Sir  H.  Davt  have  shown,  that  this  gas  proves  more  speedily 
fatal  than  either  nitrogen  or  hydrogen ;  and  there  is  every  reason 
for  believing,  that  it  excites  spasmodic  contraction  of  the  epielottis 
and  suffocation.  Sir  H.  Davt  found,  that  air  was  still  irrespirable 
when  it  contained  three-fifths  of  its  volume  of  carbonic  acid,  but 
that  when  the  proportion  was  diminished  to  three  parts  in  ten,  it 
might  be  received  into  the  lungs.  The  effect,  which  it  occasioned, 
after  being  breathed  for  a  minute,  was  slight  giddiness  and  tendency 
to  sleep.  In  pneumatic  medicine,  it  was  employed  as  a  sedative  in 
phthisis,  being  diluted  with  atmospheric  air. 

Carbonic  (Mside  or  oxide  of  carbon  appears  to  act  in  a  similar  man- 
ner. Sir  HuMPHBY  Davt  took  three  inspirations  of  this  gas,  mixed 
with  about  one-fourth  of  common  air;  the  effect  was  a  temporary 
loss  of  sensation,  succeeded  by  giddiness,  nausea,  acute  pains  in 
different  parts  of  the  body,  and  excessive  debility.  Some  days  elapsed 
before  he  entirely  recovered.  Mr.  Witter,  of  Dublin,  was  struck 
with  symptoms  of  apoplexy,  by  breathing  it,  but  was  speedily  re- 
stored by  the  inhalation  of  oxygen.  It  is  probable,  that  both  this 
gas  and  carbonic  acid,  in  their  pure  state,  occasion  the  closure 
of  the  glottis,  and,  consequently,  do  not  enter  the  lungs ;  but,  when 
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breathed  in  a  more  dilute  condition^  that  they  pass  through  the  coats 
of  the  blood-yessel,  and  exert  their  action  on  the  brain  whilst  circu- 
lating through  it. 

Sulphuretted  hydrogen. — This  gas  is  extremely  deleterious. 
When  respired  in  a  pure  state^  it  kills  instantly,  and  its  deadly 
agency  is  rapidly  exerted  when  put  in  contact  with  any  of  the  tis- 
sues, through  which  it  penetrates  with  astonishing  rapidity.  Even 
when  mixed  with  a  portion  of  air,  it  has  proved  immediately  de- 
structive. Dr.  Paris  refers  to  the  case  of  a  chymist  of  his  acquaint- 
ance, who  was  suddenly  deprived  of  sense,  as  he  stood  over  a  pneu- 
matic trough,  in  which  he  was  collecting  the  gas. 

From  the  experiments  of  Duputtren  and  Thenard,  air  that 
contains  a  thousandth  part  of  sulphuretted  hydrogen  kills  birds  im- 
mediately. A  dog  perished  in  air,  containing  i^th  part^  and  a 
horse  in  air,  containing  fiirth.  It  is  the  deleterious  agent  exhaled 
from  privies,  which  has  been  so  fatal,  at  times,  to  nightmen,  who 
have  been  employed  to  remove  or  to  cleanse  them. 

When  this  gas  is  breathed  in  a  more  dilute  state,  it  produces 
powerful  sedative  efiects,  the  pulse  being  rendered  extremely  small 
and  weak,  the  contractility  of  the  muscular  organs  considerably  en- 
feebled, with  stupor  and  more  or  less  suspension  of  the  cerebral 
functions;  and  if  the  person  recovers,  he  regains  his  strength  very 
tardily. 

Arsenurtited  hydrogen  also  instantly  destroys  small  animals, 
and  is  extremely  deleterious,  having  proved  fatal  to  a  German  chy- 
mist, M.  Gehlen*  « 

With  regard  to  the  other  gases,  the  dmmoniacal  gasj  muriatic 
goif  nitrous  add  gas,  nitric  oxide  or  deutoxide  qf  azote,  and 
chlarinCj  they  are  completely  irrespirable,  producing  spasmodic 
cloture  of  the  glotti^,  and  aspbjrxia  or  suffocation. 

According  to  the  division  already  established,  we  may  consider, 
then,  that  all  these  gases,  when  breathed  in  an  undiluted  condition, 
admit  of  being  clasMd  as  follows: — 

« 

1  Carbonic  acid,  carbonic  oxide,  ammo- 

J      and  chlorine. 
'■  "^1^  *'^''*~'|  Hydrogen,  Kote. 

^  3     drogen,  and  arsenuretted  hydrogen. 
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In  concluding  the  subject  of  reaplntion,  we  miy  briefly  ad- 
rert  to  the  differeat  modes  in 
Fig.  108.  which  the  process  is  effected  in 

the  cluses  of  animals,  and  espe- 
cially in  birds,  the  respiratory 
oi^ns  of  which  constitute  one 
of  the  moat  singular  structures  of 
^  the  animal  economy.  The  lungs 
themselves,^ — as  in  the  mar- 
ginal figure  of  the  lungs,  &c.  of 
the  ostrich, — are  comparatively 
small,  and  are  adherent  to  the 
chest, — where  they  seem  to  be 
placed  in  the  iolerrals  of  the 
ribs.  They  are  covered  by  the 
pleura  only  on  their  under  sur- 
face, so  that  Ihey  are,  in  iact,  on 
the  outside  of  the  cavity  of  the 
chest.  Agreat  part  of  the  thorax, 
as  well  as  of  the  abdomen,  is  oc- 
cupied by  membranous  air-cells^ 
into  which  the  lungs  open  by 
considerable  apertures.  Besides 
H.nnit,'M«fd<D«u!(KMaiP«D.-4.Ti«iivthe3e  cells,  a  considerable  por- 
SiS:-  ■^tJ:SS°3?riXrSS*ta?,>lS!*r^tio'>  of  t^e  skeleton  forms  recep- 

•vniMitiTwiuciiiiticheaiuiiwiiaiiMiiniitAE.  if  we  oreaKa  long  i>one  Of  a  bird 
of  flight,  and  blow  into  it,  the  body  of  the  bird  being  immersed  in 
water,  bubbles  of  air  will  escape  from  the  bill.  The  object,  of  course, 
of  all  this,  is  to  render  the  body  light,  and  thus  to  facilitate  its  mo- 
tions. Henoe  the  largest  and  most  numerous  bony  cells  are  found 
in  such  birds  as  have  the  highest  and  most  rapid  flight,  as  the  ea^e. 
The  barrels  of  the  quills  are  likewise  hollaw,and  can  be  filled  with 
air,  or  emptied  at  pleasure. 

In  addition  to  the  uses  just  mentioned,  these  receptacles  of  air 
diminish  the  necessity  of  breathing  so  frequently,  in  the  rapid  and 
long- continued  motions  of  several  nirds,  and  in  the  great  vocal  ex- 
ertions of  singing  birds. 

In  fishes,  in  the  place  of  lungs  we  find  brarwhite  or  gilist  which 
are  placed  behind  the  head  on  each  side,  and  have  a  movable  ft/^- 
cover.  By  means  of  the  throat,  which  is  connected  with  these  or- 
gans, the  water  is  conveyed  to  the  gills,  and  distributed  through 
them;  by  which  means,  the  air,  contained  in  the  water,  comes  in 
contact  with  the  blood  circulating  through  the  gills.  The  water  is 
afterwards  discharged  through  the  branchial  openings, — apertura 
Itranchiales, — and,  consequently,  they  do  not  expire  along  the  same 
channel  as  they  inspire. 
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Lastly,  in  the  insect  tribe, — in  the  white*b)oocled  animal,— we 
find  the  function  of  respiration  effected  altogether  by  the  surface  of 
the  body;  at  least,  so  far  as  regards  the  reception  of  air,  which 
passes  into  the  body  through  apertures  termedf  stigmata^  the  es- 
temal  terminations  of  trachese  or  air<tubes,  whose  office  it  is  to  con- 
yey  the  air  to  different  parts  of  the  system. 

In  all  these  cases  we  find  precisely  the  same  changes  efiected 
upon  the  inspired  air,  and  especially,  that  oxygen  has  disappeared,' 
and  that  carbonic  acid  is  contained  in  nearly  equal  bulk  in  the  resi- 
duary air. 
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CIRCULATION. 

The  next  function  to  be  considered  is  that  by  which  the  products 
of  the  various  absorptions,  converted  into  arterial  blood  in  the  longs, 
are  distributed  to  every  part  of  the  body, — a  function  of  the  most 
important  character  to  the  physiologist  and  the  pathologist,  and 
without  a  knowledge  of  which,  it  is  impossible  for  the  latter  to 
comprehend  the  doctrine  of  disease. 

Assuming  the  heart  as  the  great  central  organ  of  the  function, 
every  particle  of  the  circulatory  fluid  must  set  out  from  it,  be  dis- 
tributed through  the  lungs,  undergo  aeration  thei*e,  be  sent  to  the 
opposite  side  of  the  heart,  whence  it  is  distributed  to  every  part  of? 
the  system,  and  be  thence  returned,  by  the  veins,  to  the  right  side, 
whence  it  set  out, — thus  performing  a  complete  circuit 

It  is  not  easy  to  ascertain  the  total  quantity  of  blood,  circulating 
in  both  arteries  and  veins.  Many  attempts  have  been  instituted  for 
this  purpose,  but  the  statements  are  most  diversified,  partly  owing 
to  the  erroneous  direction  followed  by  the  experimenters,  but,  still 
more,  to  the  variation  that  must  be  perpetually  occurring  in  the 
amount  of  fluid,  according  to  age,  sex,  temperament,  activity  of  se- 
cretion, &c. 

Harvet  and  the  earlier  experimenters  formed  their  estimates, 
by  opening  the  veins  and  arteries  freely  on  a  living  animal,  collect- 
ing the  blood  that  flowed,  and  comparing  this  with  the  weight  of 
the  body.  This  method  is,  however,  extremely  objectionable,  as 
the  whole  of  the  blood  can  never  be  obtained  in  this  manner,  and 
the  proportion  discharged  varies  in  difierent  animals  and  circum- 
stances. By  this  method,  Moulins  found  the  proportion  in  a  sheep 
to  be  ^Vd;  Kino,  in  a  lamb,  ^th;  in  a  duck,  -^th;  and  in  a  rabbit, 
•^th.  From  these  and  other  observations  Harvet  concluded,  that 
the  weight  of  the  blood  of  an  animal  is  to  that  of  the  whole  animal 
as  1  to  20.  Drelincourt,  however,  found  the  proportion  in  a  dog 
to  be  nearly  iV^h;  and  Moor,  jV^^* 

An  animal,  according  to  Sir  Astley  Cooper,  generally  ex- 
pires, as  soon  as  blood,  equal  to  about  -j-V^h  of  the  weight  of  the 
body,  is  abstracted.  Thus,  if  it  weighs  sixteen  ounces,  the  loss  of 
an  ounce  of  blood  will  be  sufficient  to  destroy  it:  ten  pounds  will 
destroy  a  man  weighing  one  hundred  and  sixty  pounds;  and,  on 
examining  the  body,  blood  will  still  be  found — in  the  small  vessels 
especially,  even  although  every  facility  has  been  afforded  for  drain- 
ing them. 
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The  foIlowiDg  table  exhibits  the  computations  of  difierept  phy- 
siologists, regarding  the  weight  of  the  circulating  fluid— -arterial 
and  venous. 
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Lister, 

MvLLMSf 

Abiloguard, 
Blukenbach, 

LOBB,       > 

Lower,  3 
Sprengel,    - 
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10  to  15 

27  I  Keill, 


F.  HoFMANN, 

Haller, 

Young, 
Hakbbroer, 


lbs.  \ 
28  » 

28  to  30 

40 
80 

.       100 


Although  the  absolute  estimate  of  Hofmann  is  below  the  truth, 
his  proportion  is  probably  nearly  accurate.  He  conceives,  that  the 
weight  of  the  blood  is  to  that  of  the  whole  body  as  1  to  5.  Ac- 
cordingly, an  individual  weighing  one  hundred  and  fifty  pounds, 
will  have  about  thirty  pounds  of  blood;  one  of  two  hundred  pounds, 
forty;  and  so  on. 

Of  this,  one-third  is  supposed  to  be  contained  in  the  arteries,  and 
two-thirds  in  the  veins.  The  estimate  of  Hallsr  is,  perhaps,  near 
the  truth;  the  arterial  blood  being,  he  conceives,  to  the  venous  as 
4  to  9.  If  we  assume,  therefore,  that  the  whole  quantity  of  the 
blood  is  thirty  pounds  in  a  man  weighing  one  hundred  and  fifty 

Eundsy— which  is  perhaps  allowing  too  much, — ^nine  pounds,  at 
ist,may  be  contained  in  the  arteries,  and  the  remainderin  the  veins. 

The  lower  classes  of  animals  differ  essentially,  as  we  shall  find 
hereafter,  in  their  organs  of  circulation :  whilst,  in  some,  the  apparatus 
appears  to  be  confounded  with  the  digestive;  in  others,  the  blood  is 
propelled  without  any  great  central  organs;  and  in  others,  again,  the 
heart  is  but  a  single  organ.  In  man,  however,  and  in  the  upper 
classes  of  animals,  the  heart  is  dicn^i/e/— consisting  of  two  sides,  or 
really  of  two  hearts,  separated  from  each  other  by  a  septum.  As 
all  the  blood  of  the  body  has  to  be  emptied  into  this  organ,  and  to 
be  subsequently  sent  from  it;  and  as  its  flow  is  coTitinuous,  two  ca- 
vities are  necessarily  required  in  each  heart, — the  one  to  receive  the 
blood,  and  the  other  to  propel  it, — which  contract  and  dilate  alter- 
nately. The  cavity  or  chamber  of  each  heart,  which  receives  the 
blood,  is  called  auricky  and  the  vessels  that  transport  it  thither,  are 
the  veins;  the  cavity  by  which  the  blood  is  projected  forwards,  is 
called  ventricle,  and  the  vessels,  along  which  the  blood  is  sent,  are 
called  arteries. 

One  of  these  hearts  is  entirely  appropriated  to  the  circulation  of 
venous  blood,  and  has  hence  been  called  the  venous  heart ,  also  the 
right  or  anterior  heart,  from  its  situation,  and  the  pulmonary 
from  the  pulmonary  artery  arising  from  it.  The  other  is  for  the  cir- 
culation of  arterial  blood,  and  is  hence  called  the  arterial  heart, 
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alw  the  ^fl  or  posterior,  rrom  iU  situation,  and  the  oor/tc  Aeorf , 
from  the  aorta  rising  from  it 

In  the   figure   109,  the  two  faearts  are  separated  from  each 
other,  and  showa  to  be 
Fig.  109.  distinct    organs   in    the 

adult,  although  in  the 
subject  they  seem  to 
form  but  one  organ.  Be- 
tween the  two,  after 
;  birth,  there  is  not   the 

slightestcommunication; 
and,  consequently,  every 
portion  of  blood,  which 
ha*  to  attain  the  left  side 
of  the  heart,  must  make 
the  circuit  through  the 
lungs. 

The  whole  of  the  ves- 
sels, communicating  with 
the  right  heart,  contain 
venous     blood;     whilst 
those  of   the  left    side 
contain  only  arterial. 
If    we    consider    the 
,,  heart  to  be  the  centre, 
^Ttwo  circulations  are  ac- 
complished, before   the 
blood,  setting  out  from  one  aide  of  the  heart,  performs  the  whole  cii^ 
cuittotheother.  One  of  these  consists  in  the  transmission  of  the  blood 
from  the  right  side  of  the  heart,  through  the  lungs,  to  the  left;  tbe 
other  in  its  transmission  from  the  left  side,  along  the  arteries,  and 
by  means  of  the  veins,  back  to  the  right  side. 

The  former  of  (bese  is  called  the  Usstr  or  pulmonic,  the  latter 
the  greater  or  systemic,  circulation. 

l^e  organs,  by  which  these  are  accomplished,  Y^lll  require  a 
more  detailed  ezaroiaation. 

Anatomy  of  tht  Circulatory  Organs. 

The  circulatory  apparatus  is  composed  of  the  oi^os,  by  which 
tjie  blood  is  put  in  motion,  and  along  which  it  passes  during  its 
circuit 

To  simplify  the  consideration  of  the  subject,  we  shall  consider 
the  heart  double;  and  that  each  system  of  circulation  is  composed 
of  a  heart;  of  arteries,  through  wliich  the  blood  is  sent  from  the 
heart;  and  of  veiris,  by  which  the  blood  is  conveyed  to  it  At  the 
minute  terminations  of  each  of  these,  small  vessels  are  situated,  con- 
stituting the  capillary  system. 
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We  sball  fint  dcflcribe  the  central  organ,  as  forming  two  distinct 
hearts;  and  afterwards  regard  these  as  united. 

The  pulmonic,  right,  or  anterior  heart, — called  alto  the  heart  qf 
black  blood, — is  composed  ofan  auricle  and  a  ventricle.  The  auricle, 
so  termed   from  some  resemblance 
to  an  ear,  is  situated  at  the  base  of  ^ig-  l^^- 

the  organ,  and  receives  the  whole  of 
the  blood   returning  from  various  , 
parts  of  the  body  by  three  veins; —  - 
the  two  venae  cavse,  and  the  coronary 
vei  n  ;th  e  venacava  deaceniiens,\.e  rm  i- 
nates  in  the  auricle  in  the  direction 
of  the  aperture  by  which  the  auricle 
communicates  with    the  ventricle. 
The   rena    cava    ascendens,    the 
termination  of    which   is   directed 
more  backwards,  has  the   remains 
of  a  valve,  which  is  much  larger  iu 
the  fcelus,  called  the  valve  of  Eusta- 
thius.    The  third  vein  is  the  car- 
diac or  eoronari/,  which  returns  the 
blood  from  the  heart,  that  has  been  ^ 
carried  thither  by  the  coronary  ar-  > 
tery.     In  the  septum,  between  the  right  and  left  auricle,  there  is  a 
superficial  depression,  about  the  size  of  the  point  of  the  finger,  which 
is  the  vestige  of  the  foramen  ovale,  an  important  part  of  the  circu- 
latory apparatus  of  the  fostus,  as  we  shall  see  hereafter. 

The  opening,  through  which  the  auricle  projects  its  blood  into 
the  veatricle,  is  situated  down-  „, 

wards  and  forwards,  and  is  seen  '^* 

in  figure  ill. 

The  inner  surface  of  the^?roper 
auricle,  or  (hat  which  more  par- 
ticularly resembles  the  ear  of  a 
quadruped, — the  remainder  being 
sometimes  called  the  ainua  ve- 
noaus,  or  sintia  venarum  cava-  j, 
rum, — is  distinguished  by  having 
a  number  of  ^«Ay  pillars  in  it, 

which,  from   Iheir  supposed  re-  3 

semblance  to  the  teeth  of  a  comb, 
are  called  musculi  pectinati. 
They  are  mere  varieties,  how- 
ever, of  the  columnae  camex  of 
the  ventricles. 

The  fight  ventricU  or  pulmo-    ^.  R^^^^^-lLt  Sl'^E™  "SSl-c.  p.i. 
nary  ventnele  is  situated  in  the™>n^"WrT. 
anterior  part  of  the  heart;  the  base  aud  apex  corresponding  to  those 
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of  the  heart  Its  cavity  is  generally  greater  than  that  of  the  left 
side,  and  its  parietes  not  so  thick,  owing  to  their  having  to  force  the 
blooid  merely  through  the  lungs.  It  communicates  with  the  auricle 
hy  the  auriculo-veniricvlar  opening — the  ostium  venosumi  and 
the  only  other  opening  into  it  is  that  which  commuoicstes  with  the 
interior  of  the  pulmonary  artery.  The  opening,  between  the  auri- 
cle and  Tentricle,  is  fumished  with  a  tripartite  valve,  called  tricua- 
jtid  or  triglochin;  and  the  pulmonary  artery  has  three  others, 
called  sigmoid  or  semilunar.  From  the  whole  edge  of  the  tricus- 
pid valve,  neat  the  apex  of  the  heart,>mall,  round, /enf/tnouj  cordt, 
called  chordm  tendinem  are  sent  off,  which  are  fixed,  as  represented 
in  tigure  111,  to  the  extremities  of  a  few  strong  columns  camete. 
These  teodinous  cords  are  of  such  a  length  s«  to  allow  the  valve 
to  he  laid  against  the  sides  of  the  ventricle,  in  the  distended 
state  of  that  organ,  and  of  its  being  pushed  back  hy  the  blood  until 
a  complete  septum  is  formed  during  the  contraction  of  the  ventricle. 
The  semilunar  or  sigmoid  valves  are  three  in  number,  aituated 
around  the  artery.  When  these  fall  toge- 
Fig.  118.  ther,  there  must  necessarily  be  a  apace  left 

between  them.     To  obviate  the  inconve- 
nience, that  would  necesaarily  result  from 
the  existence  of  such  a  free  space,  a  small 
granular  body  isattached  to  the  middleof  the 
margin  of  each  valve;  and  these  coming  to- 
gether at  A,  Fig.  1  IS,  when  the  valves  are 
shut  down,  com  plete  the  diaphragm  and  pre- 
vent any  blood  from  passing  hack  to  the 
heart  These  small  bodies  are  termed,  from 
their    reputed     discoverer,     corpuscula 
■Arantiiy  and  eorpuseula  MorgagrUi;  or  from  their  resemblance  to 
the  se^ot  theaeaAmum,corpuscula  sesamoidea.  The  valves,  when 
Bhut,are  concave  towards  the  lunga,and  convex  towards  the  ventricle. 
Immediately  above  them  the  artery  bulges  out,  forming  three 
sacculi  or  sinuses,  called  sinus  Valsalvte.    These  are  often  said  to 
be  partly  formed  by  the  pressure  of  the  blood  upon  the  sides  of  the 
vessels.  The  structure  is  doubtless  ordained,  and  is  admirably  adapt- 
ed for  a  specific  purpose,  viz.  to  allow  the  free  edges  of  the  valvea  to  be 
readily  caught  by  the  refluent  blood  and  thus  to  facilitate  their  closure. 
Within  the  rightventricle,  and  especially  towards  the  apex  of  the 
heart,manygtrongem!nencesare  seen,  which  are  called co/timn^  cor- 
nea;, Fig.  111.  These  runindifierentdirections,but  the  strongest  of 
them  longitudinally  with  respect  to  the  ventricle.  Theyare  of  various 
sizes,  and  form  a  beautiful  reticulated  texture.  Their  chief  use  proba- 
bly ia,  to  strengthen  the  ventricle  and  prevent  it  from  being  over- 
distended;  in  addition  to  which  they  may  tend  to  mix  the  different 
products  of  absorption. 

The  corporeal,  l^,  aortic,  or  systemic  heart,  called,  also  the 
heart  of  red  blood,  has  likewise  an  auricle  and  a  ventricle. 
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The  ^ft  axmcle  is  considerably  thicker  and  stronger  bat  smaller 
than  the  right;  and  is  likewise  divided  into  sinus  venosus  znd  pro- 
per aurick,  which  form  a  common  cavity.  The  columns^  in  the 
latter,  are  like  those  pf  the  right  auricle,  but  less  distinct  From 
the  under  part  of  the  auricle,  a  circular  passage,  termed  ostium 
arteriosumj  or  auricular  orifice,  leads  to  Uie  posterior  part  of  the 
base  of  the  cavity  of  the  left  ventricle.  The  left  auricle  receives  the 
blood  from  the  pulmonary  veins. 

The  left  or  aortic  ventricle  is  situated  at  the  posterior  and  left 
part  of  the  heart  Its  sides  are  three  times  thicker  and  stronger  than 
those  of  the  right  ventricle,  to  permit  the  much  greater  force  which 
it  has  to  exert;  for,  whilst  the  right  ventricle  merely  sends  its  blood 
to  the  lungs,  the  left  ventricle  transmits  it  to  every  part  of  the  body. 
It  b  narrower  and  rounder,  but  considerably  longer,  than  the  right 
ventricle,  and  forms  the  apex  >of  the  heart  The  internal  surface  of 
this  ventricle  has  the  same  general  appearance  as  the  other,  but 
differs  from  it  in  having  its  columnae  carnese  larger,  more  numerous, 
firmer,  and  stronger. 

In  the  aperture  of  communication  with  the  corresponding  auricle, 
there  is  here,  as  in  the  opposite  side  of  the  heart,  a  ring  or  zone, 
from  which  a  valve,  essentially  like  the  tricuspid,  goes  off.  It  is 
stronger,  however,  and  divided  into  two  principid  portions  only; 
the  cordas  tendinese  are  also  stronger  and  more  numerous.  This 
valve  has  been  termed  mitral^  from  some  supposed  resemblance  to 
a  bishop's  mitre. 

At  the  fore  and  right  side  of  the  mitral  valve,  and  behind  the 
commencement  of  the  pulmonary  artery,  a  round  opening  exists, 
which  is  the  mouth  of  the  aorta.  There  are  three  semilunar  valves, 
with  their  corpuscula  Arantii,  exactly  like  those  of  the  pulmonary 
artery,  but  a  little  stronger;  and,  on  the  outer  side  <}f  the  semilunar 
valves,  are  the  sinuses  of  Valsalva,  a  little  more  prominent  than 
those  of  the  pulmonary  artery. 

The  structure  of  the  two  hearts  is  the  same.  A  serous  membrane 
covers  both,  which  is  an  extension  of  the  inner  membrane  of  the 
pericardium. 

The  substance  of  the  heart  is  essentially  muscular.  The  fibres 
run  in  different  directions,  longitudinally  and  transversely,  but  most 
of  them  obliquely.  Many  run  over  the  point,  from  one  heart  to  the 
other,  and  all  are  so  involved,  as  to  render  it  difScult  to  unravel 
them.  The  cavities  are  lined  by  a  thin  membrane,  forming,  by  its 
folds,  the  valves  to  which  reference  has  been  made.  It  differs  some- 
what in  the  two  hearts;  being  in  one  a  prolongation  of  the  inner 
coat  of  the  aorta;  and  in  the  other  of  the  vense  cavae.  On  this  ac- 
count, the  inner  coat  of  the  left  heart  is  but  slightly  extensible; — 
easily  ruptured,  and  considerably  disposed  to  ossify;  that  of  the  right 
heart,  on  the  other  hand,  is  very  extensible,  not  readily  ruptured, 
and  but  little  liable  to  ossify.  The  tissue  of  the  heart  is  supplied  with 
blood  by  the  cardiac  or  coronary  arteries — the  first  division  of 
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the  aorta;  and  their  blood  is  conveyed  back  to  the  right  auricle  hy 
the  coronary  veins.  The  nerves,  which  follow  the  ramifications  of 
the  coronary  arteries,  proceed  chiefly  from  a  plexus,  formed  by  the 
pneumogastric  nerves,  and  great  sympathetic. 

In  both  hearts,  the  auricles  are  much  thinner  and  more  capacious 
than  the  ventricles;  but  they  are  themselves  much  alike  in  structure 
and  size.  The  observation  that  the  right  ventricle  is  larger  than 
the  left  is  as  old  as  Hippocrates,  and  has  been  attempted  to  be 
accounted  for  in  various  ways.  Some  have  ascribed  it  to  original 
conformation;  others  to  the  blood  being  cooled  in  its  passage  through 
the  lung,  and  therefore,  occupying  a  smaller  space  when  it  reaches 
the  left  side  of  the  heart 

Hauler  and  Meckel  assert,  that  it  is  dependent  upon  the  kind 
of  death;  that  if  the  right  ventricle  is  usually  more  capacious,  it  is 
owing  to  the  lung  being  one  of  the  organs,  that  yields  first;  thus 
occasioning  accumulation  of  blood  in  the  right  cavities  of  the  heart; 
and  they  state  that  they  succeeded,  in  their  experiments,  in  render- 
ing either  one  or  other  of  the  ventricles  more  capacious,  according 
as  the  cause  of  death  arrested  the  circulation  in  the  lung  or  in  the 
aorta. 

The  experiments  of  Legallois,  Meckel,  and  Seiler,  espe- 
cially of  the  former, — with  mercury  poured  into  the  cavities,— on 
dogs,  cats.  Guinea-pigs,  rabbits,  in  the  adult,  the  child,  and  the  still- 
born foetus,  have  shown,  that,  except  in  the  foetud,  the  right  ventri- 
cle is  more  capacious,  whether  death  has  been  produced  by  suffo- 
cation, in  which  the  blood  is  accumulated  in  the  right  side  of  the 
heart,  or  by  hasmorrha^e;  and  Legallois  thinks,  that  the  differ- 
ence is  owing  to  the  left  ventricle  being  more  muscular,  and,  there- 
fore, returning  more  upon  itself. 

The  two  hearts,  united  together  by  a  median  septum,  form,  then, 
one  organ,  which  is  situated  in  the  middle  of  the  chest,  (see  Fig. 
103,)  between  the  lungs,  and  consequently  in  the  most  fixed  part  of 
the  thorax. 

The  heart  is  surrounded  by  its  proper  capsule,  called  the  peri" 
cardium — a  fibro-serous  membrane,  which  is  composed  of  two 
layers.  The  outermost  of  these  is  fibrous,  semitransparent,  and  in- 
elastic; strongly  resembling  the  dura  mater  in  its  texture.  Its 
thickness  is  greater  at  the  sides  than  below,  where  it  rests  upon  the 
diaphragm;  or  above,  where  it  goes  along  the  great  vessels,  which 
communicate  with  the  heart  The  inner  layer  is  of  a  serous  cha- 
racter and  lines  the  outer,  giving  the  polish  to  its  cardiac  surface; 
it  is  then  reflected  over  the  heart,  and  adheres  to  it  by  cellular  sub- 
stance. Like  other  serous  membranes,  it  secretes  a  fluid,  which  is 
termed  the  liquor  pericardii^  and  lubricates  the  surface  of  the  heart 
It  is  always  found  in  greater  or  less  quantity  after  death;  and  a 
question  has  arisen  regarding  the  amount,  that  must  be  considered 
morbid.  This  must  obviously  vary  according  to  circumstances.  It 
seldom,  however,  in  the  healthy  condition,  is  above  a  tea-spoonful. 
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When  its  quantity  is  augmented,  along  with  inflammation  of  the 
membrane,  the  disease  hydropericarditis  exists.  The  great  use  of 
{he  pericardium  is  probably  to  keep  the  heart  constantly  moist  by 
the  exhalation  effected  from  it;  and,  also,  to  restrain  the  movements 
of  the  heart,  which,  under  the  influence  of  the  emotions,  sometimes 
leaps  inordinately.  If  the  pericardium  be  divided  in  a  living  ani- 
mal, the  heart  is  found  to  bound,  as  it  were,  from  its  ordinary  posi- 
tion; and  hence  the  expression — ^Heaping  of  the  heart'^  during 
emotion — is  physiologically  accurate. 

The  arteries  are  solid,  elastic  tubes,  which  arise,  by  a  single 
trunk,  from  the  ventricle  of  each  heart,  and  which  gradually  divide 
and  subdivide,  until  they  are  lost  in  the  capillary  system.  The 
large  ai^ry,  which  arises  from  the  left  ventricle,  and  conducts  the 
blood  to  every  part  of  the  body, — even  to  the  lungs,  so  far  as  re- 
gards their  nutrition, — is,  as  we  have  seen,  the  aorta^  and  that, 
wbicb  arises  from  the  right  ventricle  and  conveys  the  venous  blood 
to  the  lungs,  is  the  pulmonary  artery.  Neither  the  one  nor  the 
other  is  a  continuation  of  the  proper  tissue  of  the  ventricles ;  the 
inner  membrane  is  alone  continuous ;  the  muscular  structure  of  the 
heart  being  united  to  the  fibrous  coat  of  the  arteries,  by  means  of  an 
intermediate  fibrous  tissue. 

The  aorta,  as  soon  as  it  quits  the  left  ventricle,  passes  beneath 
the  pulmonary  artery,  is  entirely  concealed  by  it,  and  ascends  to 
form  a  curvature  witii  the  convexity  upwards,  the  summit  of  which 
rises  to  within  three-quarters  of  an  inch  or  an  inch  of  the  superior 
edge  of  the  sternum.  This  great  curvature  is  called  the  cross  or 
arch  of  the  aorta.  The  vessel  then  passes  downwards,  from  the 
top  of  the  thorax  to  nearly  as  far  as  the  sacrum,  where  it  divides 
into  two  trunks,  one  of  which  proceeds  to  eaqh  lower  extremity. 
In  the  whole  of  this  course,  it  is  applied  to  the  spine,  and  gives  off 
the  various  branches,  that  convey  arterial  blood  to  the  different  parts 
of  the  body.  Of  the  immense  multitude  of  these  ramifications,  an 
idea  may  be  formed,  when  we  reflect,  that  the  finest  pointed  needle 
cannot  be  run  into  any  part  of  the  surface  of  the  body,  without 
blood, — ^probably  both  arterial  and  venous, — ^flowing. 

The  larger  arteries  are  all  situated  deeply,  and  are  thus  remote 
from  external  injury.  They  communicate  freely  with  each  other, 
and  their  anastomoses  are  more  frequent  as  the  arteries  became 
smaller  and  farther  from  the  heart  At  their  final  terminations, 
they  communicate  with  the  veins  and  the  lymphatics. 

The  branches  of  the  aorta,  when  taken  collect!  vely,  are  of  greater 
capacity  than  the  parent  trunk,  and  this  inequality  goes  on  aug- 
menting; so  that  the  ultimate  divisions  of  an  artery  are  of  a  much 
greater  capacity  than  the  vessel  itself.  Hence  the  arterial  system 
Sas  been  considered,  to  represent,  in  the  aggregate,  a  cone,  whose 
apex  is  at  the  heart,  and  the  base  in  the  organs. 

As  all  the  minute  arterial  ramifications  are  not  visible,  it  is  ob^ 
yiously  impracticable  to  discover  the  ratio  between  their  united  ca* 
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pacUy  and  that  of  the  aorta  at  its  origin;  yet  the  problem  has  been 
attempted.  EIeill,  by  experiments  made  upon  an  injected  subject, 
considered  the  ratio  to  be  as  44507  to  1.  J.  C.  A.  Iielvetius  and 
Sylva  as  500  to  1.  Senac  estimated  not  their  capacities  but  their 
diameters,  and  he  conceived  the  ratio  of  these  to  be  as  118,490  to 
90,000;  and  George  Martins  affirmed  thatthe  calibre  of  a  parent 
arterial  trunk  is  equal  to  the  cube  root  of  the  united  diameters  of 
the  branches. 

The  pulmonary  ar/ery  strongly  resembles  the  aorta.  Its  dis- 
tribution has  been  already  described  as  a  part  of  the  respiratory 
organs. 

The  arteries  are  composed  of  different  coats  in  superposition,  re- 
specting the  number  of  which  anatomists  have  not  been  entirely  of 
accord.  Some  have  admitted  five,  others  four,  but,  at  the  present 
day,  three  only  are  received; — ^first  an  external  or  cellular^  called 
also  nervous,  cartilaginouSy  by  Vesalius,  and  tendinous^  by 
Heisteb,  which  is  formed  of  condensed  cellular  substance,  and  has 
considerable  strength  and  elasticity,  so  that  if  a  ligature  be  applied 
tightly  round  the  vessel,  the  middle  and  internal  coats  will  be  com- 
pletely cut  through,  whilst  the  outer  coat  remains  entire.  Scarpa 
is  not  disposed  to  admit  this  as  one  of  the  coats.  He  considers  that 
it  only  serves  as  an  exterior  envelope,  to  retain  the  vessel  in  situ. 

The  next  coat  is  the  middle^  muscular y  or  proper  coat,  the  cha- 
racter of  which  has  been  the  subject  of  much  discussion.  It  is  com- 
posed of  yellow,  circular  fibres,  which  do  "not  appear  individuallv 
to  pass  entirely  round  the  vessel.  This  coat  was,  at  one  time,  al- 
most universally  believed  to  be  muscular.  Such  was  the  opinion  of 
Hunter  ;  and  hence  the  muscularity  of  the  arteries  was  invoked  as 
an  aeent  in  the  circulation.  Careful  examination  does  not,  however, 
exhibit  any  of  the  characters  of  the  muscular  tissue.  The  latter  is 
soft,  extensible,  contractile,  and  of  a  red  colour;  whilst  the  arterial 
tunic  is  firm,  solid,  elastic,  easily  ruptured,  of  a  yellow  colour,  and 
does  not  exhibit  the  least  irritability  on  the  application  of  any  me- 
chanical or  chymical  irritant  whatever.  Ntsten  and  Maoendib 
applied  the  galvanic  stimulus  to  it  frequently  but  without  effect; 
yet  it  is  known,  that  this  is  the  most  sensible  test  of  irritability.  It 
appears  to  be  a  tissue  of  a  peculiar  character,  the  base  of  which  is 
formed  by  the  tissujaune  or  yellow  tissue  of  the  later  compara- 
tive anatomists. 

The  third  or  inner  ooat  is  smooth  and  polished,  and  is  a  conti- 
nuation of  the  membrane  which  lines  the  ventricles.  It  is  generally 
described  as  lubricated  by  a  kind  of  serous  exhalation,  but  of  its  na- 
ture and  even  existence  doubts  may  be  entertained. 

The  arteries  receive  the  constituents  that  belong  to  every  livins 
part^— ^arteries,  vein,  lymphatics,  and  nerves.  The  arteries  proceed 
not  from  the  vessels  themselves,  but  from  adjacent  trunks,  as  we 
have  remarked  of  the  vasa  vasorum,  to  which  these  really  belong. 

The  nerves  proceed  from  the  great  sympathetic,  form  plexuses 
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around  the  vessels,  and  accompany  them  through  all  their  ramifica- 
tions.  By  some  anatomists,  the  arteries  of  the  head,  neck,  thorax 
and  abdomen,  are  conceived  to  be  supplied  from  the  great  sympa- 
thetic, whilst  those  of  the  extremities  are  supplied  from  the  nerves 
of  the  spinal  marrow.  It  is  not  improbable,  however,  but  that  more 
accurate  discrimination  might  trace  the  dispersion  of  the  twigs  of 
the  great  nervous  system  of  involuntary  motion  on  these  vessels 
also. 

This  organization  of  the  arteries  renders  them  very  tough  and 
extremely  elastic,  both  of  which  qualities  are  necessary  to  enable 
them  to  withstand  the  impulse  of  the  blood  sent  from  the  heart,  and 
to  react  upon  the  blood  so  as  to  influence  its  course  in  the  mode  to 
be  mentioned  hereafter.  It  is,  likewise,  by  virtue  of  this  structure, 
tiiat  the  parietes  retain  their  form  in  the  dead  body,  which  is  one  of 
the  points  that  distinguish  them  from  the  veins. 

The  vitality  of  the  arteries  is  inconsiderable.  Hence  their  diseases 
are  by  no  means  numerous  or  frequent;  an  important  desideratum, 
seeing  that  their  functions  are  eminent  and  their  activity  incessant 

The  capillary  vessels  are  the  vessels  of  extreme  minuteness, 
formed  by  the  termination  of  the  arteries  and  the  commencement 
of  the  veins;  or  rather  they  are  the  ultimate  radicles  of  the  arteries,-^ 
become  imperceptible  by  their  successive  divisions, — which  give 
origin  to  the  veins.  It  is  this  system  of  vessels  which  forms  a 
plexus  that  is  distributed  over  every  part  of  the  body,  and  which 
constitutes,  in  the  aggregate,  the  capillary  system.  This  admits  of 
two  great  divisions,  one  of  which  is  situated  at  the  termination  of 
the  branches  given  'o£f  from  the  aorta,  and  is  called  the  general 
capillary  system;  the  other  forming  the  branches  of  the  pulmonary 
artery,— the  |?u/m(?nic  capillary  system. 

Although  the  capillary  system  does  not  admit  of  detection  by  the 
sight,  its  existence  is  evidenced  by  injections,  which  can  develope 
it  artificially  in  almost  every  organ;  and  by  inflammation,  in  which 
it  is  manifested  by  the  increased  redness.  The  parietes  of  the  ves- 
sels cannot  be  distinguished  from  the  substance  of  the  organs,  and 
the  colour  of  the  blood,  or  the  matter  of  the  injection  alone  indi- 
cates their  course.  In  many  parts,  these  vessels  are  so  minute  as 
not  to  admit  the  red  particles  of  the  blood  to  enter,  as  in  the  serous 
membranes;  whilst,  in  others,  as  in  the  muscles  and  in  some  of  the 
glands,  the  red  particles  always  circulate.  This  diversity  has  given 
rise  to  the  distinction  of  the  capillaries  into  red  and  white. 

There  are  certain  textures,  which  receive  neither  the  one  class 
nor  the  other,  as  the  corneous  and  epidermeous. 

The  ancients  were  of  opinion,  that  the  arteries  and  veins  are  se- 
parated by  an  intermediate  substance,  consisting  of  some  fluid  e£fused 
from  the  blood,  and  which  they  called,  in  consequence,  parenchyma. 
The  communication  between  the  arteries  and  veins,  however,  ap- 
pears to  be  direct.  The  substance  of  an  injection  passes  from  one 
«et  of  vessels  into  the  other  without  any  evidence  of  intermediate 
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extravasation.  Besides,  the  blood  has  been  seen  passing)  in  living 
animals,  directly  from  the  arteries  into  the  veins.  Leeuenhoek 
and  Malpighi,  on  examining  the  swim-bladders,  gills,  and  tails 
of  fishes,  the  mesentery  of  frogs,  &c. — which  are  transparent, 
— saw  this  distinctly.  The  artery  and  vein  terminate  in  two  dif- 
ferent ways;  sometimes  directly,  after  the  artery  has  become  ex- 
tremely minute,  by  sending  off  numerous  lateral  branches,  as 
Haller  states  he  noticed  in  the  swim-bladders  of  fishes;  at  others, 
they  proceed  parallel  to  each  other,  and  communicate  by  a  multi- 
tude of  transverse  branches.  This  communication  takes  place  be- 
tween both  the  red  and  the  white  capillaries  and  their  correspond- 
ing veins. 

The  capillary  vessels,  as  has  been  remarked,  belong  chiefly  to 
the  arteries,  the  venous  radicles  not  arising  imperceptibly  from  the 
capillary  system,  as  the  arteries  terminate  in  it,  but  having  a  mark- 
ed size,  at  the  partwhere  they  quit  this  system,  which  strikingly  con- 
trasts with  the  excessive  tenuity  of  the  capillary  arterial  vessels.  Be- 
tween the  capillary  system  and  the  arteries  there  is  no  distinct  line 
of  demarcation.  The  opinion  of  Bichat  was,  that  this  system  is 
entirely  independent  of  both  arteries  and  veins;  and  Autenrieth 
fancifully  imagined,  that  the  minute  arteries  unite  to  form  trunks, 
which  again  divide,  before  communicating  with  the  veins,  so  as  to 
represent  a  system  analogous  to  that  of  the  vena  portal. 

Many  speculations  have  been  indulged,  regarding  the  mode  in 
which  the  vascular  extremities  of  the  capillary  system  open.  Bi- 
chat regardied  it  as  a  vast  reservoir,  whence  originate, besides  veins, 
vessels  of  a  particular  order,  whose  ofiSce  it  is  to  pour  out,  by  their 
free  extremity,  the  materials  of  nutrition, — ^vessels,  which  had  been 
previously  imagined  by  Boerhaave,  and  are  commonly  known 
under  the  appellation  of  exhalants,  Mascaoni  supposed  that  the 
final  arterial  terminations  are  pierced,  towards  their  point  of  junc- 
tion with  the  veins,  by  lateral  pores,  through  which  the  secreted 
matters  transude.  These  are  points,  however,  which  will  engage 
our  attention  under  the  head  of  secretion. 

The  veins  have  already  been  described  under  venous  absorp- 
lion. 

Physiology  of  the  Circulation. 

The  blood,  contained  in  the  apparatus  just  described,  is  in  con- 
stant motion,  and  this  always  in  one  direction.  The  venous  blood, 
brought  from  every  part  of  the  body,  is  emptied  into  the  right  au- 
ricle ;  the  right  auricle  contracts  and  sends  it  into  the  corresponding 
ventricle ;  the  latter  projects  it  into  the  pulmonary  artery,  by  which 
it  is  conveyed  to  the  lungs,  passing  through  the  capillary  system 
into  the  pulmonary  veins.  These  convey  it  to  the  left  auricle ;  the 
left  auricle  sends  it  into  the  corresponding  ventricle ;  and  the  left 
ventricle  sends  it  into  the  aorta,  along  Which  it  passes  to  the  different 
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organs  and  tissues  of  the  body,  through  the  general  capillary  system, 
which  communicates  with  the  veins;  and  these  convey  the  blood 
back  to  the  part  whence  we  have  supposed  it  to  set  out.  This  en- 
tire circuit  includes  both  the  lesser  and  the  greater  circulations. 

It  was  not  until  the  commencement  of  the  seventeenth  century, 
that  any  precise  ideas  were  entertained  regarding  the  general  cir- 
culatioD.  In  antiquity,  the  most  erroneous  notions  prevailed;  the 
arteries  being  generally  looked  upon  as  tubes  for  the  conveyance  of 
some  aerial  fluid  to,  and  from,  the  heart,  whilst  the  veins  conducted 
the  blood,  but  whither  or  for  what  precise  purpose  was  not  under- 
stood. The  names  given  to  the  principal  arterial  vessel — the  aorta, 
and  to  the  arteries  themselves,  sufficiently  show  the  functions  ori- 
ginally ascribed  to  them,  both  being  derived  from  the  Greek, 
«9f,  air,  and  rufsn,  to  keep,  and  this  is  farther  confirmed  by  the 
fact,  that  the  trachea  or  windpipe  was  originally  termed  an  ar- 
tery,— ^the  tcfTuftec  rpax"*  of  the  Greeks, — the  aspera  arteriaot 
the  Latin  writers. 

In  the  time  of  Galen,  bowever,  the  arteries  were  known  to  con- 
tain blood;  and  he  seems  to  have  had  some  faint  notions  of  a  circu- 
lation. He  remarks,  that  the  chyle,  the  product  of  digestion,  is 
collected  by  the  meseraic  veins  and  carried  to  the  liver,  where  it  is 
converted  into  blood;  the  supra-hepatic  veins  then  convey  it  to  the 
pulmonary  heart;  thence  it  proceeds  in  part  to  the  lungs,  and  the 
remainder  to  the  rest  of  the  body,  passing  through  the  medium  sep- 
tum of  the  auricles  and  ventricles. 

This  limited  knowledge  of  the  circulation  continued  through  the 
whole  of  the  middle  ages;  the  functions  of  the  veins  being  universally 
misapprehended;  and  the  general  notion  being,  that  they  also  convey 
blood  from  the  heart  to  the  organs;  from  the  centre  to  the  circum- 
ference. It  was  not  until  after  the  middle  of  the  sixteenth  century, 
that  the  lesser  circulation,  or  that  through  the  lungs,  was  compre- 
hended/by  the  labours  of  Michael  Servetus, — who  fell  a  victim  to 
the  persecutions  and  intolerance  of  Calvin, — of  Andrew  Cabsal- 
FiNUs,  and  of  Re  Aldus  Columbus.  It  has,  indeed,  been  imagined, 
that  they  possessed  some  notion  of  the  greater  circulation.  How- 
ever this  may  have  been,  all  nations  unite  in  awarding  to  Harvey 
the  merit,  if  not  of  entire  originality,  of  at  least  having  first  clearly 
described  it  The  honour  of  the  discovery  is,  thereiore,  his;  and 
by  it  his  name  has  been  rendered  immortal;  for  its  importance  in 
the  physiology  and  pathology  of  the  animal  fabric  is  overwhelming. 
How  vague  and  inaccurate  must  have  been  the  notions  of  the  earlier 
pathologists  regarding  the  doctrine  of  acute  diseases,  in  which  the 
circulation  is  always  largely  aflected — diseases,  which,  according 
to  the  estimate  of  some  writers,  constitute  two-thirds  of  the  morbid 
states  to  which  mankind  are  liable!  It  was  in  the  year  1619,  that 
Harvey  attained  a  full  knowledge  of  the  circulation ;  but  his  dis- 
covery was  not  promulgated  until  the  year  1628;  in  a  tract,  under 
the  title — *^  exercitatio  anatomica  de  motu  cordis  et  sanguinisy*^ 
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to  which  the  merit  of  clearnessy  perspicuity  and  demonstration  has 
been  awarded  by  all.  Yet  so  strong  is  the  force  of  prejudice,  and 
so  di£Bcult  is  it  to  discard  preconceived  notions,  that  it  was  remark- 
ed, according  to  Hume,  that  no  physician  in  Europe,  who  had 
reached  forty  years  of  age,  ever,  to  the  end  of  his  existence,  adopt- 
ed Harvet's  doctrine  of  the  circulation,  and  Harvet^s  practice  in 
I^ondon  diminished  extremely  from  the  reproach  drawn  upon  him 
by  that  great  and  signal  discovery. 

Of  the  truth  of  the  course  of  the  blood,  as  established  by  Harvet, 
we  have  numerous,  incontestible  evidences,  which  it  maybe  almost 
a  work  of  supererogation  to  adduce.  We  will  briefly  refer  to  some 
of  the  most  striking.  First  If  lye  open  the  chest  of  a  living  ani- 
mal, we  find  the  heart  alternately  dilated  and  contracted;  so  as  ma- 
nifestly to  receive  and  expel  the  blood  in  reciprocal  succession.  Se- 
condly. The  valves  of  the  heart,  and  of  the  great  arteries,  which 
arise  from  the  ventricles,  are  so  arranged  as  to  allow  the  blood  to 
flow  in  one  direction,  and  not  in  another:  and  the  same  may  be  said 
of  the  valves  of  the  veins.  These  last  are  directed  towards  the 
heart;  the  tricuspid  valve  permits  the  blood  to  flow  only  from  the 
rieht  auricle  into  the  corresponding  ventricle;  the  sigmoid  valves 
.admit  it  to  enter  the  pulmonary  artery,  but  not  to  return;  and  as 
there  is  no  immediate  communication  between  the  right  and  left 
sides  of  the  heart,  the  blood  must  pass  along  the  pulmonary  artery 
and  by  the  pulmonary  veins  to  the  left  auricle.  The  mitral  valve, 
again,  is  so  situated^  that  the  blood  can  only  pass  in  one  direction 
from  auricle  to  ventricle;  and,  at  the  mouth  of  the  aorta,  the  same 
valvular  arrangement  exists,  as  at  the  mouth  of  the  pulmonary  artery, 
permitting  the  blood  to  proceed  along  the  artery,  but  preventing  its 
reflux.  Thirdly,  If  an  artery  and  a  vein  be  wounded,  the  blood 
will  be  observed  to  flow  from  the  part  of  the  vessel  nearest  the  heart 
in  the  case  of  the  artery;  in  that  of  a  vein  from  the  other  extre- 
mity. The  ordinary  operation  of  blood-letting  at  the  flexure  of  the 
arm  afibrds  us  an  elucidation  of  this.  The  bandage  is  applied  above 
the  elbow,  for  the  purpose  of  compressing  the  superficial  veins,  but 
not  so  tightly  as  to  compress,  also,  the  deep-seated  ai*tery.  The 
blood  then  passes  along  the  artery  to  the  extremity  of  the  fingers, 
and  returns  by  the  veins,  but  its  progress  back  to  tiie  heart  by  the 
subcutaneous  veins  being  prevented  by  the  ligature,  they  become 
turgid;  and,  if  a  puncture  be  made,  the  blood  flows  freely.  If,  how- 
ever, the  ligature  be  applied  so  forcibly  as  to  compress  the  main 
artery;  the  blood  no  longer  flows  to  the  extremity  of  the  fingers; 
there  is  none  consequently,  to  be  returned  by  the  veins.  They  do 
not  rise  properly;  and  if  a  puncture  be  made  no  blood  flows.  This 
is  not  an  infrequent  cause  of  the  failure  of  a  bungling  phlebotomist 
If  the  bandage,  under  such  circumstances,  be  slackened,  the  blood 
will  resume  its  course  along  the  artery,  and  a  copious  stream  will  issue 
from  the  orifice,  which  did  not  previously  transmit  a  drop.  This 
operation,  then,  exhibits  the  fact  of  the  flow  of  blood  along  the  ar- 
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teries  firom  the  heart  and  of  Its  return  by  the  veins.  From  what 
has  been  said,  too,  it  will  be  obvious,  that  if  a  ligature  be  applied  to 
both  vessels,  the  artery  will  become  turgid  above  the  ligature,  the 
vein  below  it  Fourthly.  The  microscopical  experiments  of 
LiSEUENHOEK,  Malfighi,  and  Sfallanzani  have  exhibited  to  the 
eye  the  passage  of  the  blood  in  successive  waves  by  the  arteries  to- 
wards the  veins,  and  its  return  by  the  latter.  Lastly.  The  fact  is 
farther  demonstrated  by  the  effects  of  transfusion  of  blood,  and  of 
the  injection  of  substances  into  the  vessels;  both  of  which  operations 
will  be  alluded  to  in  another  place. 

In  tracing  the  physiological  action  of  the  different  parts  of  the  cir- 
culatory apparatus,  we  shall  follow  the  order  observed  in  the  ana- 
tomical sketch;  and  describe,  in  succession,  the  circulation  in  the 
heart,  in  the  arteries,  in  tl^e  capillary  vessels,  and  in  the  veins;  on 
all  of  which  points  there  has  been  much  interesting  diversity  of 
opinion ;  much  room  for  ingenious  speculation,  and  &r  farther  im- 
provement 

1.  Circulation  in  the  heart — ^It  has  been  already  observed,  that 
when  the  heart  of  a  living  animal  is  exposed,  it  is  remarked  to 
undergo  alternate  contraction  and  dilatation;  the  auricles,  on  each 
side,  contracting,  and  the  ventricles  at  the  same  time  dilating.  The 
latter,  then  enter  into  contraction,  and  the  auricles  dilate  simultane- 
ously;— so  that  the  blood  is  received  into  the  two  auricles  at  the 
same  time,  and  is  transmitted  into  the  two  great  arteries  synchro- 
nously. 

In  order  that  the  heart  shall  receive  blood,  it  is  necessary  that 
the  auricle  should  be  dilated.  This  movement  is  probably  effected 
by  virtue  of  the  elasticity  which  it  possesses  in  its  structure.  Let 
us  suppose  it  to  be  once  filled;  the  stimulus  of  the  blood  excites  it 
to  contraction,  and  the  blood  is  thus  sent  into  the  corresponding 
veBtricle.  As  soon,  however,  as  it  has  emptied  itself,  the  stimulus 
is  withdrawn;  and,  by  virtue  of  its  elasticity,  it  returns  to  the  state 
in  which  it  was  prior  to  contraction.  An  approach  to  a  vacuum  is 
thus  formed  in  the  cavity,  and  the  blood  is  solicited  towards  it  from 
the  veins,  until  it  is  again  filled  and  its  contraction  is  renewed.  When 
the  right  auricle  contracts  there  are  four  channels  by  which  the  blood 
might  be  presumed  to  pass  from  it, — the  two  terminations  of  the 
vense  cavae,  the  coronary  vein,  and  the  auriculo-ventricular  commu- 
nication. The  constant  flow  of  blood  from  every  part  of  the  body 
prevents  it  from  returning  by  the  venae  cavae,  whilst  the  small  quan- 
tity, that,  under  other  circumstances,  might  enter  the  coronary  vein, 
is  prevented  by  its  talve.  To  the  flow  of  the  blood  through  the 
aperture  into  the  ventricle,  which  is  in  a  state  of  dilatation,  there  is 
no  obstacle,  and  accordingly  it  takes  this  course,  raising  the  tricuspid 
valves. 

It  may  be  remarked,  that  physiologists  are  ngjt  entirely  of  accord 
regarding  the  reflux  of  blood  into  the  venae  cavae.  Some  think  that 
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this  always  occurs  to  a  slight  extent ;  others,  that  it  is  never  present 
in  the  physiological  or  healthy  state. 

Its  existence  is  unequivocali  where  an  obstacle  occurs  to  the  due 
discharge  of  the  blood  into  the  ventricle.  For  example,  if  any  im- 
pediment exists  to  the  flow  of  blood  along  the  pulmonary  artery, 
either  owing  to  mechanical  obstruction  or  to  diminished  force  of 
the  ventricle,  the  reflux  will  be  manifested  by  a  kind  of  pulsation 
in  the  veins,  which  Haller  has  called  the  venous  pulse. 

The  blood,  having  attained  the  right  ventricle,  by  the  efibrt  ex- 
erted by  the  contraction  of  the  auricle,  and  perhaps  also  by  the 
aspiration  excited  by  the  dilatation  of  the  cavity  through  the  agency 
of  its  elastic  structure,  the  ventricle  contracts.  Into  it  there  are  but 
two  apertures, — the  auriculo-ventricular,  and  the  mouth  of  the  pul- 
monary artery.  By  the  former,  the  blood  cannot  escape,  owing  to 
the  tricuspid  valve  which  acts  like  the  sail  of  a  ship, — the  blood  dis- 
tending it,  as  the  wind  does  a  sail,  and  the  cordae  tendineae  retaining 
it  in  position,  so  that  the  blood  is  precluded  from  reflowing  into  the 
auricle.  The  only  way  it  can  escape  is  by  the  pulmonary  artery,  the 
sigmoid  valves  of  which  it  raises.  These,  as  we  shall  see,  had  been 
closed,  like  flood-gates,  during  the  dilatation  of  the  ventricle;  but 
they  are  readily  pushed  outwards,  by  the  column  transmitted  from 
the  ventricle. 

Such  is  the  circulation  through  one  heart, — ^the  pulmonic.  The 
same  explanation  applies  to  the  other,-— the  systemic;  and  hence  it 
is,  that  the  structure  as  well  as  the  functions  of  the  heart  is  so  much 
better  comprehended,  by  conceiving  it  to  be  constituted  of  two  es- 
sentially similar  organs. 

We  have  said,  that  the  right  and  left  auricles  contract  and  dilate 
together,  and  that  the  same  remark  applies  to  the  contraction  and 
dilatation  of  the  two  ventricles.  To  that  condition  of  the  heart,  in 
which  the  ventricles  are  dilated,  and  the  auricles  synchronously 
contracted,  the  term  diastole  has  been  applied ;  and,  to  that  in  which 
the  ventricles  are  contracted  and  the  auricles  synchronously  dilated, 
— systole.  NicHOLLs,  the  son-in-law  and  successor  of  Mead,  dis- 
tinguished six  intervals, — the  (Contraction  of  the  right  auricle ;  of 
the  right  ventricle;  of  the  pulmonary  artery ;  of  the  left  auricle;  of 
the  left  ventricle;  and  of  the  aorta.  As  we  have  already  seen,  that 
the  auricles  dilate  and  contract  together,  and  that  the  same  applies 
to  the  ventricles,  the  division  into  systole  and  diastole  is  su£5cient; 
as,  however,  the  most  striking  phenomenon  in  the  action  of  the 
heart  is  the  contraction  of  the  ventricles,  systole  is  usually  applied 
to  their  contraction,  and  diastole  to  their  dilatation;  consequently, 
during  the  period  of  systole,  the  auricles  are  dilated,  and  during 
that  of  diastole,  contracted. 

Since  the  valuable  improvement,  introduced  by  Laennec,  in  the 
discrimination  of  diseases  of  the  chest  by  audible  evidences,  it  has 
been  discovered,  that  the  heart  is  not  in  a  state  of  incessant  acti- 
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vity,  bat  that  it  has,  like  other  muscles,  its  intervals  of  repose.  If 
we  apply  the  ear  or  the  stethoscope  to  the  praecordial  region,  we 
hear,  first,  a  dull,  lengthened  sound,  which  is  synchronous  with 
the  arterial  pulse,  and  is  produced  by  the  contraction  of  the  ven- 
tricles. This  is  instantly  succeeded  by  a  sharp,  quick  sound,  like 
that  of  the  valve  of  a  bellows  or  the  lapping  of  a  dog.  This  cor- 
responds to  the  interval  between  two  pulsations,  and  is  owing  to 
the  contraction  of  the  auricles.  The  space  of  time,  that  elapses  be- 
tween this  and  the  sound  of  the  contraction  of  the  ventricles,  is  the 
period  of  repose.  The  relative  duration  of  these  periods  is  as  fol- 
lows:—one-half,  or  somewhat  less,  for  the  contraction  of  the  ven- 
tricles; a  quarter,  or  somewhat  more,  for  the  contraction  of  the  au- 
ricles; and  the  remaining  quarter  for  the  period  of  total  cessation 
from  labour.  So  that  in  the  twenty-four  hours  the  ventricles  work 
twelve  hours  and  rest  twelve;  and  the  auricles  work  six  and  rest 
eighteen. 

It  has  been  a  question  with  physiologists,  whether  the  cavities 
of  the  heart  completely  empty  themselves  at  each  contraction.  Se- 
NAO,  and  Thomas  Bartholine,  from  their  experiments,  were  long 
ago  led  to  answer  the  question  negatively.  On  the  other  hand, 
Hallee  entertained  an  opposite  opinion, — suggested,  he  remarks, 
by  his  experiments,  but,  perhaps,  notwitlistanding  all  his  candour^ 
connected,  in  some  manner,  with  his  doctrine  of  irritability,  which 
could  not  easily  admit  the  presence  of  an  irritant  in  a  cavity  that 
had  ceased  to  contract  It  has  been  remarked  by  MAaENDis,  that 
if  we  notice  the  heart  of  a  living  animal,  whilst  it  is  in  a  state  of 
action,  it  is  obvious,  that  the  extent  of  the  contractions  cannot  have 
the  effect  of  completely  emptying  the  auricle  or  the  ventricle;  but 
it  must,  at  the  same  time,  be  admitted,  that  such  experiments  are 
inconclusive;  inasmuch  as  they  exhibit  to  us  the  action  of  the  or- 
gan under  powerful  deranging  influences,  and  such  as  could  be 
readily  conceived  to  modify  the  extent  of  the  contractions  most 
extensively.  They  certainly  are  not  su£5cient  to  show,  that,  whilst 
an  animal  is  in  a  physiological  condition,  the  auricles  and  ventri- 
cles are  not  emptied  of  their  contents  by  their  contraction.  The 
point  cannoty  in  truth,  be  esteemed  settled ;  and,  in  our  uncertainty, 
as  the  blood  is  manifestly,  directly  or  indirectly,  a  great  excitant 
of  the  heart's  action,  it  seems  most  probable,  that  before  these  ca- 
vities dilate,  the  greatest  part,  if  not  the  whole  of  the  fluid,  must 
be  expelled  from  them. 

The  objection,  that  has  been  urged  against  the  opposite  view,  that 
there  would  always  be  stagnant  blood  in  the  cavities  of  the  heart,  is 
not  valid.TheexperimentsofVENTURi,onthelateral  communication 
of  motion  in  fluids,  have  shown,  that  even  in  an  ordinary  hydraulic 
apparatus,  the  motion  of  a  stream,  passing  through  a  vessel  of  water, 
is  communicated  to  the  fluid,  which  is  at  rest  in  the  vessel,  so  that 
an  incessant  change  must  be  produced.     Let  us  suppose  a  streiim 


133  CIHC7LATI0IT. 

or  water  to  enter  the  vessel  D  E  F  B,  Fig.  113,  which  U  full  of 

fluid,    by    ttie 

Fig.  113.  pipe  AC,  and 

that    opposite 

"  this  pipe  is  the 

tube  S  M  B  R. 

The       stream 

will    pass    up 

this  tube  higher 

than  the  vessel, 

and    dischai^ 

A.  itself  at  B  V. 

At  the  same 
time,  the  fluid 
in  the  vessel  is 
observed  to  be 
in  motion,  and, 
tn  a  few  seconds,  the  level  in  the  vessel  falls  from  D  B  to  M  H. 

During  the  systole  of  the  heart,  the  organ  is  suddenly  carried 
forwards;  and  although  it  appears  to  be  rendered  shorter,  its  point 
strikes  the  left  side  of  the  chest  opposite  the  interval  between  the 
sixth  and  seventh  true  ribs;  producing  what  is  called  the  "  beating 
of  the  heart"  The  cause  of  this  phenomenon  was,  at  one  period, 
a  topic  of  warm  controversy.  Borelli,  WiifSLow  and  others 
affirmed,  that  it  was  owing  to  the  organ  being  elongated  during 
contraction;  but  to  this  it  was  replied  by  Bassitel,  that  if  such 
elongation  took  place  the  tricuspid  and  mitral  valves,  kept  down 
by  the  columnse  carneac,  could  not  possibly  close  the  openings  be- 
tween  the  corresponding  auricles  and  ventricles.  Sxkac  ascribed 
the  beating  of  the  heart  to  three  causes,  and  his  views  have  been 
adopted  by  most  physiologists: — I,  to  the  dilatation  of  the  auri- 
cles, which  occurs  during  the  contraction  of  the  ventricles;  S,  to 
the  dilatation  of  the  aorta  and  pulmonary  artery  by  the  introduc- 
tion of  the  blood,  sent  into  them  by  the  ventricles;  and  3,  to  the 
straightening  of  the  arch  of  the  aorta,  owing  to  the  blood  being 
forced  against  it  by  the  contraction  of  the  left  ventricle.  Dr.  Wm. 
HtJNTER  considered  the  last  cause  quite  sufficient  to  explain  the 

Khenomenon,  and  many  physiologists  have  assented  to  his  view. 
lore  recently,  Dr.  Barry  has  instituted  some  experiments  upon 
this  subject.  He  opened  the  thorax  of  a  living  animal,  and,  by 
passing  his  hand  into  the  cavity,  endeavoured  to  ascertain  the  actual 
condition  of  the  heart  and  great  vessels,  as  to  distention  and  rela- 
tive position.  He  performed  seven  experiments  of  this  kind,  from 
which  he  concluded,  that  the  vena  cava  is  considerably  increased  ■ 
ID  size  during  inspiration,  which  he  ascribes,  as  will  be  better 
understood  hereafter,  to  the  partial  vacuum  then  formed  in  the 
chest.     He  supposes,  that  the  force  exerted  by  the  venous  blood 
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■ 

on  entering  the  heart,  in  consequence  of  the  expansion  of  the  chest 
and  the  great  vessels  behind  the  heart,  pushes  the  organ  forwards 
and  thus  causes  it  to  strike  against  the  ribs. 

The  great  agent  is  probably  the  one  invoked  equally  by  Senao 
and  Wm.  Hunter;  but  it  is  probable,  that  it  may  be  assisted  by 
the  force  with  which  the  blood,  owing  to  derivation, — a  term  to 
be  explained  presently— enters  the  auricles  and  tends  to  project  the 
iieart  forwards.  It  is  obvious,  that  as  the  heart  is  altogether  fixed  by 
its  base,  and  as  every  force,  exerted  upon  it,  must  take  effect  upon 
that  part,  the  organ  may  readily  move  upon  its  base,  and  accom- 
plish the  percussion  in  question. 

The  systole  of  the  heart  is  admitted  by  all  to  be  active;  but  the 
majority  of  physiologists  are  disposed  to  regard  the  diastole  of  the 
cavities  as  passive,  or  as  the  effect  of  relaxation  of  the  fibres  or  of 
the  cessation  of  contraction.  Pechlin,  Perrault,  Hamberger 
and  others  have  supported  an  opposite  view; — affirming  that  direct 
experiment  on  a  living  animal  shows,  that  positive  effort  is  exerted 
at  the  time  of  the  dilatation  of  the  cavities.  Dr.RooET,  in  alluding 
to  the  views  on  this  subject,  suggests,  that  if  the  course  of  all  the 
fibres,  composing  the  muscular  parietes  of  the  organ,  were  better 
known,  this  apparent  anomaly  might  perhaps  be  as  easily  explain- 
ed as  in  the  ordinary  cases  of  antagonist  muscles. 

It  is  probable,  however,  that  the  active  force,  exerted  in  the  dila- 
tation of  tliese  cavities,  is  that  of  elasticity;  and  that  when  the  con- 
traction of  the  muscular  fibres  has  ceased,  this  is  aroused  to  action 
and  restores  the  organ  to  its  previously  dilated  condition.  Accord- 
ing to  this  view,  the  natural  state  would  be  that  of  dilatation.  We 
shall  see  hereafter,  that  this  elasticity  is  probably  one  of  the  agents 
of  the  circulation  of  the  blood  along  the  vessels. 

The  cause  of  the  heart's  action  has  been  a  deeply  interesting 
question  to  the  physiologist,  and  in  the  obscurity  of  the  subject 
has  given  rise  to  various  and  warm  controversies.  From  the  first 
moment  of  foetal  existence,  at  which  the  heart  becomes  percepti- 
ble, till  the  cessation  of  vitality,  it  continues  to  move.  By  many 
of  the  ancients  this  was  supposed  to  be  owing  to  an  inherent  pul- 
9ific  virtue,  which  enabled  it  to  contract  and  dilate  alternately, — a 
mode  of  expression,  which,  in  the  infancy  of  physical  science,  was 
frequently  employed  to  cover  ignorance,  and  which  has  been  pro- 
perly and  severely  castigated  by  Moliere: — 

**  Mihi  a  docto  doctore 
Demandatur  causam  et  rationem  quare 
Opium  facit  donmre. 
A  quoi  respondeoy 
QtMa  est  into 

Cujus  est  natura 
Sensus  assoupire." 

Descartes  imagined,  that  an  explosion  took  place  in  the  ventri- 
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des  as  sudden  as  that  of  gunpowder.  With  equal  nescience  the 
phenomenon  was  ascribed,  by  Van  Helmont,  to  his  imaginary 
archaeus;  and  by  Stahl,  and  the  rest  of  the  animists,  to  the  animaj 
soul^  or  intelligent  principle,  which  was  supposed  to  preside  over  all 
the  mental  and  corporeal  phenomena. 

Stahl  was,  however,  one  of  the  first  that  attempted  any  rational 
explanation  of  the  heart's  action.  Its  muscular  tissue;  the  similarity 
of  its  contractions  to  those  of  ordinary  muscles,  with  the  excep- 
tion of  their  not  being  voluntary;  the  fact  of  its  action  being  modi- 
fied by  the  passions,  &c.  lefd  him  to  assimilate  its  movements  to 
those  of  ordinary  muscles.  He  admitted,-  that,  generally,  we 
possess  neither  perception  of,  nor  power  over,  the  motions  of  the 
heart;  but,  he  affirmed,  that  habit  alone  had  rendered  them  invo- 
luntary; in  the  same  manner  as  certain  ninscular  twitchings  or  tics, 
which  are  at  first  voluntary,  may  become  by  habit  irresistible. 
A  strong  confirmation  of  this  opinion  was  drawn  from  the  cele- 
brated case  of  tlie  honourable  Colonel  Townshend,  called  by 
Adslon  and  other  French  writers,  Towson,  who  was  able,  (not 
all  his  life,  as  Adelon  asserts,  but  a  short  time  before  his  death,) 
to  suspend  the  movements  of  his  heart  at  pleasure.  This  case  is  of 
such  a  singular  character,  in  a  physiological  as  well  as  pathological 
point  of  view,  that  we  shall  give  it  in  the  words  of  Dr.  George 
Chstne,  one  of  the  physicians  who  attended  upon  him,  and  whose 
character  for  veracity  is  beyond  suspicion. 

*^  Colonel  Townshend,  a  gentleman  of  excellent  natural  parts» 
and  of  great  honour  and  integrity,  had,  for  many  years,  been 
afflicted  with  constant  vomitings,  which  had  made  his  life  painful 
and  miserable.  During  the  whole  time  of  his  illness  he  had  ob- 
served the  strictest  resimen,  living  on  the  softest  vegetables  and 
lightest  animal  food;  drinking  asses'  milk  daily,  even  in  the  camp; 
and  for  common  drink,  Bristol  water,  which,  the  summer  before 
his  death,  he  had  drank  on  the  spot  But  his  illness  increasing, 
and  his  strength  decaying,  became  from  Bristol  to  Bath  in  a  litter, 
in  autumn,  and  lay  at  the  Bell  Inn.  Dr.  Batnard,  who  is  since 
dead,  and  I  were  called  to  him,  and  attended  twice  a  day  for  about 
the  space  of  a  week;  but,  his  vomitings  continuing  still  incessant, 
and  obstinate  against  all  remedies,  we  despaired  of  his  recovery. 
While  he  was  in  this  condition,  he  sent  for  us  early  one  morning; 
we  waited  on  him  with  Mr.  Serine,  his  apothecary,  (since  dead 
also;)  we  found  his  senses  clear,  and  his  mind  calm;  his  nurse  and 
several  servants  were  about  him.  He  had  made  his  will  and  settled 
his  afiairs.  He  told  us  he  had  sent  for  us  to  give  him  some  account 
of  an  odd  sensation  he  had  for  some  time  observed  and  felt  in  him- 
self, which  was  that,  composing  himself,  he  could  die  or  expire 
when  he  pleased,  and  yet  by  an  effort  or  somehow,  he  could  come 
to  life  again;  which  it  seems  he  had  sometimes  tried  before  he  had 
sent  for  us.  We  heard  this  with  surprise;  but  as  it  was  not  to  be 
accounted  for  from  tried  common  principles,  we  could  hardly  be- 
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lieve  the  fact  as  he  related  it,  much  leas  give  any  account  of  it; 
unless  he  should  please  to  make  the  experimeni;  before  us,  which 
we  were  unwilling  he  should  do,  lest  in  his  weak  condition  he 
might  carry  it  too  far.  He  continued  to  talk  very  distinctly  and 
sensibly  above  a  quarter  of  an  hour  about  this  (to  him)  surprising 
sensation,  and  insisted  so  much  on  our  seeing  the  trial  made,  that 
we  were  at  last  forced  to  comply.  We  all  three  felt  his  pulse  first; 
it  was  distinct,  though  small  and  thready;  and  his  heart  had  its 
usual  beating.  He  composed  himself  on  his  back,  and  lay  in  a 
still  posture  some  time.  While  I  held  his  right  hand.  Dr.  B.  laid 
his  hand  on  his  heart,  and  Mr.  S.  held  a  clean  looking-glass  to  his 
mouth.  I  found  his  pulse  sink  gradually,  till  at  last  I  could  not  feel 
any,  by  the  most  exact  and  nice  toucii.  Dr.  Batnard  could  not 
feel  the  least  motion  in  his  heart,  nor  Mr.  Serine  the  least  soil  of 
breath  on  the  bright  mirror  he  held  to  his  mouth.  Then  each  of 
us,  by  turn,  examined  his  arm,  heart  and  breath,  but  could  not  by 
the  nicest  scrutiny  discover  the  least  symptom  of  life  in  him.  We 
reasoned  a  long  time  about  this  odd  appearance  as  well  as  we  could; 
and  all  of  us  judging  it  inexplicable  and  unaccountable;  and  find- 
ing he  still  continued  in  that  condition,  we  began  to  conclude  in- 
deed that  he  had  carried  the  experiment  too  far,  and  at  last  were 
satisfied  that  he  was  actually  dead,  and  were  just  ready  to  leave  him* 
This  continued  about  half  an  hour,  by  nine  o'clock  in  the  morn- 
ing, in  autumn.  As  we  were  going  away,  we  observed  some  motion 
about  the  body,  and  upon  examination  found  his  pulse  and  the 
motion  of  his  heart  gradually  returning;  he  began  to  breathe  gent- 
ly, and  speak  softly;  we  were  all  astonished,  to  the  last  degree, 
at  this  unexpected  change,  and  after  some  farther  conversation  with 
him,  and  among  ourselves,  went  away  fully  satisfied  as  to  all  the 
particulars  of  this  fact,  but  confounded  and  puzzled,  and  not  able 
to  form  any  rational  scheme,  that  might  account  for  it  He  after- 
wards called  for  his  attorney,  added  a  codicil  to  his  will,  settled 
legacies  on  his  servants,  received  the  sacrament,  and  calmly  and 
composedly  expired  about  five  or  six  o'clock  that  evening.'' 

It  is  manifest  that  this  case,  unaccountable  as  it  is,  in  many  res- 
pects, can  add  no  weight  to  the  views  that  were  entertained  by 
the  Stahlians.  It  is  as  unique  as  it  is  inexplicable. 

The  opinion,  that  the  heart's  action  is  a  muscular  function,  was 
accurate.  The  error  lay  in  placing  it  amongst  the  voluntary  func- 
tions. It  belongs  to  the  involuntary  class,  equally  with  many  of 
the  muscles  concerned  in  deglutition,  and  with  those  of  the  sto- 
mach and  intestines. 

The  doctrine  of  Haller,  on  this  subject,  rested  upon  the  t^*^ 
insita  or  irritabiliiy,  to  which  he  referred  all  muscular  contrac- 
tions, whether  voluntary  or  involuntary.  This  property,  as  is 
mentioned  in  another  place,  he  conceived  to  be  possessed  by  mus- 
cles as  muscles,  independently  of  all  nervous  influence.  The  heart, 
being  a  muscle,  enjoyed  it  of  necessity;  and  the  irritant,  which 
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developed  it  iDcessaotly,  was  the  blood.  Id  evidence  of  this,  he 
observes,  that  these  contractions  are  always  more  forciUe  and  ra- 
pid, when  the  blood  is  more  abundant;  and  that  they  occur  suc- 
cessively in  the  cavities  of  the  heart  as  the  blood  arrives  at  them. 
So  completely  did  Haller  assign  the  heart's  action  to  this  irrita- 
bility, Uiat  he  even  denied  the  existence  of  any  nervous  influence 
over  it;  resting  his  belief  on  the  circumstance,  that  the  heart  will 
still  continue  to  beat  after  decapitation ;  after  the  division  of  the 
spinal  marrow  in  the  neck;  and  of  the  nerves  distributed  to  the 
organ;  and,  even,  when  it  has  been  entirely  removed  from  the 
body. 

How  (ar  the  opinions  of  this  great  man  are  correct,  as  regards 
the  poweic  of  contraction  residing  in  the  heart,  as  he  conceived  it 
to  do  in  other  muscles,  we  shall  inquire  presently.  The  hearty 
however,  is,  doubtless,  indirectly  under  the  nervous  influence. 
We  see  it  affected  in  the  various  emotions ;  sometimes  augmenting 
its  action  violently,  at  others  retarding  it  These  circumstances 
have  led  some  individuals,  as  Meckel,  to  adopt  a  kind  of  inters 
mediate  opinion,  and  to  regard  the  nervous  influence  as  one  of  the 
conditions  necessary  for  all  muscular  contraction,  just  as  the  due 
circulation  of  blood  is  one  of  those  conditions ;  and  to  admit,  at  the 
same  time,  the  separate  existence  o(  9l  vis  insita.  Soemmsb- 
iNO>  and  Bbhrend  have,  indeed,  stated,  that  the  cardiac  nerves  are 
not  even  distributed  to  the  tissue  of  the  heart,  but  merely  to  the 
ramifications  of  the  coronary  arteries ;  and  hence,  that  these  nerves 
are  not  concerned  in  the  function  of  the  organ,  but  only  in  its  nu- 
trition; but  this  is  denied  by  Scarpa,  and  by  the  generality  of 
anatomists. 

Although,  however,  the  emotions  manifestly  affect  the  heart, 
direct  experiments  exhibit  but  little  influence  over  it  on  the  part 
of  the  nerves.  This,  indeed,  we  have  seen,  is  one  of  the  grounds 
for  the  doctrine  of  Haller.  Willis  divided  the  eighth  pair  of 
nerves ;  yet  the  action  of  the  heart  persisted  for  days.  Similar  re- 
sults followed  the  section  of  the  great  sympathetic.  Maoendib 
states,  that  he  removed,  on  several  occasions,  the  cervical  gan- 
glions and  the  first  thoracic ;  but  was  unable  to  determine  any 
thin^  satisfactory  from  the  operations,  in  consequence  of  the  im- 
mediate death  of  the  animal  from  such  extensive  injury  as  was  in- 
evitable. He  observed,  however,  no  direct  influence  over  the 
heart.  We  have  numerous  examples  of  the  comparative  independ- 
ence of  the  organ,  as  regards  the  encephalon.  Decapitated  reptiles 
have  lived  for  six  months ; — anencephalous  infants,  or  those  bom 
with  part  of  the  brain  only,  have  vegetated  during  the  whole  pe- 
riod of  pregnancy,  and  for  some  days  after  birth. 

LsGALLOis  kept  several  decapitated  mammiferous  animals  alive; 
and  maintained  the  heart  in  action,  (having  taken  the  precaution 
to  tie  the  vessels  of  the  neck  for  the  purpose  of  preventing  haemor- 
rhage,} by  employing  artificial  respiration,  so  as  to  cause  the  con- 
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Tenion  of  the  venous  into  the  arterial  bloody  and  thas  to  insure  to 
the  hettt  a  supply  of  its  ordinary  stimulus.  We  find,  too,  that  in 
firacture  of  the  skull,  in  apoplexy,  and  in  congenerous  affections,  the 
fiiDotions  of  the  heart  are  the  last  to  be  arrested. 

The  result  of  his  experiments  led  Leoallois  to  infer,  that 
the  power  of  the  heart  is  altogether  derived  from  the  spinal  mar- 
row; and  he  conceived,  that  through  the  cardiac  nerves  it  is  in- 
flaenced  by  this  portion  of  the  cerebro-spinal  axis ;  and  is  liable  to 
be  affected  by  the  passions,  because  the  spinal  marrow  is  itself  in-* 
iaeneed  by  the  brain.  Dr.  Wilson  Philip  has,  however,  shown, 
that  the  facts  do  not  warrant  the  conclusions ;  and  he  has  exhibited, 
by  direct  experiment,  that  the*brain  has  as  much  influence  over 
the  motions  of  the  heart  as  the  spinal  marrow,  when  the  circum- 
stances of  the  experiment  are  precisely  the  same.  The  removal 
of  the  spinal  marrow,  like  that  of  the  brain,  if  the  experiment  be 
performed  cautiously  and  slowly,  does  not  sensibly  affect  the  mo- 
tion of  the  heart,— ^e  animal  having  been  previously  deprived  of 
sensibility. 

In  these  experiments,  the  circulation  ceased  quite  as  soon  with- 
out, as  with,  the  destruction  of  the  spinal  marrow.  Loss  of  blood 
9ppetared  to  be  the  chief  cause  of  its  cessation ;  and  pain  would 
have  contributed  to  the  same  effect,  if  the  animal  had  been  ope* 
rated  on,  without  having  been  previously  rendered  insensible. 

Mr.  Clift,  the  ingenious  conservator  of  the  Museum  of  the 
Royd  College  of  Surgeons  of  London,  made  a  series  of  experi- 
ments to  ascertain  the  influence  of  the  spinal  marrow  on  the  action 
of  the  heart  in  fishes,  and  he  found,  that,  whether  the  heart  be  ex- 
posed or  not,  its  action  continues  long  after  the  spinal  marrow  and 
brain  are  destroyed,  and  still  longer  when  the  brain  is  removed 
without  injury  to  its  substance.  All  these  facts  plainly  exhibit, 
that,  although  the  heart  is  indirectly  influenced  by  the  brain  or 
spinal  marrow,  it  is  not  directly  acted  upon  by  eiUier  one  or  the 
other; — ^that  its  action  can  be  maintained  for  some  time,  after  the 
destruction  of  one  or  both,  provided  artificial  respiration  be  kept 
up; — nay,  that  this  last  agent  is  unnecessary,  as  the  heart  will  con- 
tinue to  beat,  even  after  it  has  been  removed  from  the  body.  In 
the  case  of  the  rattlesnake.  Dr.  Harlan  observed  the  heait,  torn 
firom  the  body,  continue  its  contrtictions  for  ten  or  twelve  hours. 
We  are  compelled,  then,  if  we  do  not  admit  the  whole  of  the  Hal- 
lerian  doctrine  of  irritability,  to  presume,  that  there  is  something 
inherent  in  the  structure  of  the  heart,  which  enables  it  to  contract 
and  dilate,  when  appropriately  stimulated;  and  it  is  not  even  ne- 
cessary, that  this  should  be  by  the  fluid,  to  which  it  is  habituated. 
It  is  certain,  that  the  organ,  when  separated  from  the  body,  may 
be  stimulated  to  contraction,  by  being  immersed  in  warm  water,  or 
pricked  with  a  sharp-pointed  instrument  In  some  experiments 
by  Mr.  Brodie,  he  emptied  the  heart  of  its  blood,  and  found  that 
it  still  contracted  and  relaxed  alternately.    Similar  experiments 
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were  institaled  by  Mr.  Herbert  Mayo,  and  with  like  results, 
from  which  he  concluded,  that  the  alternations  of  contraction  and 
relaxation  in  the  heart  depend  upon  something  in  its  structure. 
The  conclusion  is,  indeed,  irrefutable,  if  we  add  to  these  evidences 
the  results  of  some  experiments  by  Dr.  J.  K.  Mitchell,  of  Phi- 
ladelphia. In  1823,  being  engaged  in  dissecting  a  sturgeon— ^ci- 
penser  brevirostrum? — its  heart  was  taken  out  and  laid  on  the 
ground,  and,  after  a  time,  having  ceased  to  beat,  was  inflated  with 
the  breath,  for  the  purpose  of  drying  it  Hung  up  in  this  state, 
it  began  again  to  move,  and  continued  for  ten  hours  to  pulsate  re- 
gularly, though  more  and  more  slowly;  and,  when  last  observed 
in  motion,  the  auricles  had  become  so  dry  as  to  rustle  when  they 
contracted  and  dilated.  He  subsequently  repeated  the  experiment 
with  the  heart  of  a  Testudo  serpentaria^  or  snapper ^  and  found  it 
to  beat  well  under  the  influence  of  oxygen,  hydrogen,  carbonic  acid, 
and  nitrogen,  thrown  into  it  in  succession.  Water  also  stimulated 
it,  perhaps  more. strongly,  but  made  its  substance  look  pale  and 
hydropic,  and  in  one  minute  destroyed  action  beyond  recovery. 

The  agency  of  the  heart,  as  the  generator  of  one  of  the  forces 
that  move  the  blood,  will  be  considered  hereafter.  This  force  has 
been  the  subject  of  much  calculation,  but  the  results  have  been  so 
discordant  as  to  throw  discredit  upon  all  mathematical  investiga- 
tions on  living  organs. 

This  circumstance  renders  it  unnecessary  to  state  the  difierent 
plans  that  have  been  pursued  in  these  estimations.  They  are  all 
given  in  the  elaborate  Elementa  of  Halleb,  to  which  the 
reader  is  referred,  who  is  desirous  of  examining  them.  Borelli 
conceived  the  force  exerted  by  the  left  ventricle  to  be  equivalent 
to  180,000  pounds ;  Senac  to  40  pounds;  Hales  to  51  pounds 
5  ounces;  Jurin  to  15  pounds  4  ounces;  whilst  Keill  conceived 
it  not  to  exceed  from  5  to  8  ounces. 

The  mode,  adapted  by  Hales,  has  always  been  regarded  the 
most  satisfactory.  By  inserting  a  glass  tube  into  the  carotid  of  va- 
rious animals  he  noticed  how  high  the  blood  rose  in  the  tube. 
This  he  found  to  be,  in  the  dog,  6  feet  8  inches;  in  the  ram,  6  feet 
5i  inches;  in  the  horse,  9  feet  8  inches;  and  he  estimated,  that  in 
man,  it  would  rise  as  high  as  Ih  feet. 

Now  a  tube,  whose  area  is  one  inch  square  and  two  feet  long, 
holds  nearly  a  pound  of  water.  We  may,  therefore,  reckon  the 
weight  pressing  on  each  square  inch  of  the  ventricle  to  be,  on  a 
rough  estimate,  three  pounds  and  three-quarters,  or  four  pounds; 
and  if  we  consider,  with  Michelotti,  the  surface  of  the  left  ven- 
tricle to  be  fifteen  square  inches,  it  will  exert  a  force,  during  its 
contraction,  capable  of  raising  sixty  pounds.  Its  extent  is  more 
frequently,  however,  estimated  at  10  square  inches,  and  the  force 
developed  will  therefore  be  forty  pounds. 

This  is,  of  course,  a  rude  approximation.  In  such  a  deranging 
experiment,  the  force  of  the  heart  cannot  fail  to  be  modified  ;  and 
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it  is  SO  mueh  affected  by  age,  sex,  temperament,  idiosyncrasy,  &c. 
that  the  attainment  of  accurate  knowledge  on  the  subject  is  imprac- 
ticable* 

a.  Circulation  in  the  arteries. — ^The  blood,  expelled  from  the 
heart  by  the  series  of  actions  we  have  described,  enters  the  two 
great  blood-vessels; — ^e  pulmonary  artery  from  the  right  ven- 
tricle, and  the  aorta  from  the  left;  the  former  of  which  sends  it  to 
the  lungs,  the  latter  to  every  part  of  the  system';  and,  in  both 
vessels,  it  is  prevented  from  returning  into  the  corresponding  ven- 
tricle by  the  depression  of  the  semilunar  valves.  We  have  now  to 
inquire  into  the  circumstances,  which  act  upon  it  in  the  arteries, 
or  whether  it  is  the  contraction  of  the  ventricle,  which  is  alone 
concerned  in  its  progression.  Harvet  and  the  whole  of  the  me- ' 
chanical  physiologists  regarded  the  arteries  as  entirely  passive  in 
the  circulation,  and  as  acting  like  so  many  lifeless  tubes ;  the  heart 
bmng,  in  their  view,  the  sole  agent  in  the  circulation. 

We  have,  however,  numerous  reasons  for  believing,  that  the  ar- 
teries are  concerned  to  a  certain  degree  in  the  progression  of  the 
blood.  If  we  open  a  large  artery,  in  a  living  animal,  the  blood 
flows  in  distinct  pulses ;  but  this  effect  gradually  diminishes  as  the 
wrtery  recedes  from  the  heart,  and  ultimately  ceases  in  the  smallest 
arterial  ramifications; — seeming  to  show,  that  the  force  exerted  by 
the  heart  is  not  the  only  one  concerned  in  propelling  the  blood 
through  these  vessels.  It  is  manifest,  too,  that  if  the  action  of  the 
heart  were  alone  concerned,  the  blood  ought  to  flow  out  of  the 
aperture,  when  the  artery  is  opened,  at  intervals  coinciding  with 
the  contractions  of  the  heart;  and  that  during  the  diastole  of  the 
artery,  no  blood  ought  to  issue.  This,  however,  is  not  the  case, 
notwiUistandingthat  the  authority  of  Bichat  and  some  others  is 
in  its  favour.  The  flow  is  not  uninterrupted,  but  in  jets  or  pulses, 
coinciding  with  the  contractions  of  the  ventricles. 

Again,  if  two  ligatures  be  put  round  an  arterial  trunk,  at  some 
distance  from  each  other,  and  a  puncture  be  made  between  the 
ligatures,  the  blood  flows  with  a  jet,  indicating  that  compression  is 
exerted  upon  it;  and  if  the  diameter  of  the  artery  be  measured  with 
a  pair  of  compasses,  before  and  after  the  puncture,  it  will  be  found 
manifestly  smaller  in  the  latter  case: — an  experiment,  which  shows 
the  fallacy  of  a  remark  of  Bichat, — ^that  the  force  with  which  the 
arteries  return  upon  themselves  is  insufficient  to  expel  the  blood 
they  contain.  An  experiment  of  Magbndie  exhibits  this  yet  more 
clearly.  He  exposed  the  crural  artery  and  vein  in  a  dog,  and 
passed  a  ligature  behind  the  vessels,  tying  it  strongly  at  the  pos- 
terior part  of  the  thigh,  so  that  the  blood  could  only  pass  to  the 
limb  by  the  artery,  and  return  by  the  vein.  He  then  measured, 
with  a  pair  of  compasses,  the  diameter  of  the  artery;  and,  on 
pressing  the  vessel  between  his  fingers,  to  intercept  the  course  of 
blood  in  it,  the  artery  was  observed  to  diminish  perceptibly  in  size 
below  the  part  compressed,  and  to  empty  itself  of  the  blood  it  con- 
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tained.  On  readmitting  the  Uood,  by  removing  the  fingers,  the 
artery  became  gradually  distended  at  each  contraction  of  the  heart, 
and  resumed  its  previous  dimensions. 

These  facts  prove,  that  the  arteries  contract;  bat  the  kiad  of 
contraction  has  given  occasion  to  much  discussion. 

It  has  been  imagined,  by  some  physiologists,  that  their  proper 
coat  is  muscular,  and  that  they  exert  a  similar  action  on  the  blood 
to  that  of  the  heart;  dilating  to  receive  it  from  that  organ,  and 
contracting  to  propel  it  onwards; — ^their  systole  being  synchronous 
with  the  systole  of  the  auricles  and  the  diastole  of  the  ventricles, 
and  their  diastole  with  that  of  the  auricles,  and  the  systole  of  the 
ventricles.  The  principal  reasons,  urged  in  favour  of  this  view, 
are; — ^the  fact  of  the  circulation  being  elected  solely  by  the  arteries 
in  animals,  which  have  no  heart; — the  assertion  of  MM.  Lamurb 
and  Lafosse,  that  they  noticed,  in  the  experiment  with  the  ca- 
rotid artery,  referred  to  above,  that  the  vessel  continued  to  beat 
between  the  ligatures ;  the  affirmations  of  Vsbschuib,  Bekker, 
and  Rossi,  that  when  they  irritated  arteries  with  the  point  of  a 
scalpel,  and  subjected  them  to  the  electrical  and  galvanic  influences, 
they  exhibited  manifest  irritability ;  and  lastly,  the  questionable 
bcty  that  the  pulse  is  not  always  synchronous  in  different  parts  of  the 
body,  which  ought  to  be  the  case,  were  the  arteries  not  possessed 
of  any  distinct  action. 

The  chief  objection  to  the  views,  founded  on  the  muscularity 
of  the  middle  coat,  is  the  want  of  evidence  on  the  point  In 
the  anatomical  proem  to  the  function  of  the  circulation,  we  have 
stated,  that  this  coat  does  not  seem  to  consist  of  the  fibrous  or  mus- 
cular tissue;  and  that  the  experiments  of  Magsndib,  Ntstev,  and 
others,  had  not  been  able  to  exhibit  any  contraction,  on  the  appli- 
cation of  the  ordinary  excitants  of  muscular  irritability.  The  cby- 
mical  analyses  of  Beezelius  and  Youno  also  show,  that  the  trans- 
verse fibres  differ  essentially  from  proper  muscles. 

Again,  if  an  artery  be  exposed  in  a  living  animal,  we  observe 
none  of  that  contraction  and  dilatation  which  is  perceptible  in  the 
heart;  although  a  manifest  pulsation  is  communicated  to  the  finger 
placed  over  it  The  phenomena  of  the  pulse  will  engage  attention 
speedily.  We  may  merely  remark,  at  present,  that  the  pulsations 
are  manifestly  more  dependent  upon  the  action  of  the  heart  than 
upon  that  of  the  arteries.  In  syncope,  they  entirely  cease ;  and 
whilst  they  continue  beneath  an  aneurismd  tumour,  because  the 
continuity  of  the  vessel  is  not  destroyed,  they  completely  cease 
beneath  a  ligature,  so  applied  round  an  artery  as  to  cut  off  the  flow 
of  blood.  jBichat  attached  an  inert  tube  to  the  carotid  artery  of 
a  living  animal,  so  that  the  blood  could  flow  through  it:  the  same 
kind  of  pulsation  was  observed  in  it  as  in  the  artery.  To  this  he 
adapted  a  bag  of  gummed  taffeta,  so  as  to  simulate  an  aneurismal 
tumour,  and  the  pulsations  were  evidenced  in  the  bag. 

If,  again,  arterial  blood  be  passed  into  a  vein,  the  latter  vessel, 
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which  hu  ordiurily  no  pnlaation,  now  begins  to  baait;  whilst,  if 
blood  from  x  vein  be  directed  into  ui  artery,  the  latter  ceasea  to 
beat. 

Anothw  class  of  physiologists  hare  reduced  the  wbole  of  tfaa 
arterial  action  to  simple  elasticity;  a  property,  which  the  yellow 
tissue  that  composes  the  proper  membrane  of  the  artery,  seema  to 
possess  to  an  unusual  degree.  Such  is  the  opinion  of  Maosmdib. 
"  Admitting  it  to  be  certain,"  he  remarks,  "  that  contraction  and 
dilatation  occur  in  the  arteries,  I  am  far  from  thinking,  with  some 
authors  of  the  last  century,  that  they  dilate  of  themselyes,  and  con- 
tract in  the  manner  of  muscular  fibres.  On  the  contrary,  I  am 
certain,  that  they  are  passive  in  both  cases,  that  is,  that  their  dila- 
tation and  contraction  are  the  simple  effect  of  the  elasticity  of  their 
pahetes,  put  in  actioa  by  the  blood,  which  the  heart  sends  inces- 
santly into  their  cavity." — and  he  farther  remarks,  that  there  is 
BO  difference,  in  this  respect,  between  the  large  and  the  small 


As  r^iards  the  larger  arteries,  it  is  probable,  that  this  elasticity 
is  the  only  action  exerted ;  and  that  it  is  the  cause  why  the  blood 
flows  in  a  continuous,  tfiough  pulsatMy,  stream,  when  an  opening 
is  made  into  them;  thus  acting,  as  MAexHDiB  has  suggested,  like 
the  reservoir  of  air  in  certain  pumps.  In  the  pump  A  B,  repre- 
sented in  the  marginal  figure,  were 
there   no    air-vessel   C,   the   water  fVj*.  114. 

would  flow  through  the  pipe  E  at 
each  stroke  of  the  piston,  but  the 
stream  would  be  interrupted.  By 
means  of  the  air-vessel,  however, 
'  this  is  remedied.  The  water,  at  each  - 
stroke,  is  sent  ii^  the  vessel;  the 
air  contained  ia  the  air-vessel  is  thus 
compressed,and  its  elasticity  thereby 
augmented;  so  that  it  keeps  up  a 
constant  pressure  on  the  surface  of 
the  water,  and  forces  it  out  of  the 
vessel,  through  the  pipe  D,  in  a 
nearly  uniform  stream.  Now,  in 
the  heart,  the  ventricle  acts  like  the 
depression  of  the  piston;  the  blood 
is  thus  propelled  into  the  artery  in 
an  interrupted  manner;  but  the 
elasticity  of  the  blood-vessel  presses 

ia  the  same  manner  upon  the  blood,  as  the  air,  in  the  air-vessel, 
does  upon  the  water  within  it ;  and  in  this  manner,  the  blood  flows 
aloig  the  vessel  in  an  uninterrupted,  although  pulsatory  stream. 

There  are  many  difficulties,  however,  in  the  way  of  admitting 
the  whole  of  the  action  of  the  arteries  in  the  circulation  to  be  de- 
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pendent  upon  iimple  elasticity.  The  heart  of  a  salamander  was 
opened  by  Spallahzani,  and  the  blood  continued  to  flow  through 
the  vessels  for  twelve  minutes  after  the  operation.  The  heart  of 
a  tadpole  was  cut  out,  yet  the  circulation  was  maintained  for  some 
time  in  several  ramifications  of  the  tail.  The  heart  of  the  chick  in 
ovo  was  destroyed  immediately  after  contraction;  the  arterial 
blood  took  a  retrograde  direction,  and  the  momentum  of  the  venous 
blood  was  redoubled.  The  circulation  continued  in  this  manner 
for  eighteen  minutes.  Dr.  Wilson  Philip  states,  that  he  distinctly 
saw  the  circulation  continue  in  the  smaller  vessels,  for  some  time 
after  the  heart  had  been  removed  from  the  body,  and  a  similar  ob- 
*8ervation  was  made  by  Dr.  Hastinos.  The  latter  gentleman  states^ 
that  in  the  large  arterial  trunks,  and  even  in  the  veins,  he  has  no- 
ticed, in  the  clearest  manner,  their  contraction  on  the  application 
of  various  stimulants,  both  chymical  and  mechanicaL 

It  is,  moreover,  well  known,  that  if  a  small  living  artery  be  cut 
across,  it  will  soon  contract,  so  as  to  arrest  hemorrhage ;  and  that 
whilst  an  animal  is  bleeding  to  death,  the  arteries  will  accommo- 
date themselves  to  the  decreasing  quantity  of  blood  in  the  vessels, 
and  contract  beyond  the  degree  to  which  their  elasticity  could  be 
presumed  to  carry  them;  and  after  death  they  again  relax.  Dr. 
r  ARRT  found,  that  the  artery  of  a  living  animal,  if  exposed  to  the 
air,  will  sometimes  contract  in  a  few  minutes  to  a  great  extent;  and, 
in  such  case,  only  a  single  fibre  of  the  artery  may  be  affected, 
narrowing  the  channel  in  the  same  way  as  if  a  thread  were  tied 
round  it 

The  experiments  that  have  been  instituted  for  the  purpose  of 
discovering  the  dependence  of  the  arterial  action  on  the  nervous 
system,  have  likewise  afforded  evidences  of  their  capability  of  as- 
suming a  contractile  action,  and  have  led  us  to^  a  better  compre- 
hension of  those  cases  of  what  have  been  called  local  determines 
tions  of  blood.  Dr.  Philip  found,  that  the  motion  of  the  blood  in 
the  capillaries  is  influenced  by  stimulants,  applied  to  the  central 
parts  of  the  nervous  system,  which  must  be  owing  to  the  capilla- 
ries possessing  a  power  of  contractility,  capable  of  being  aroused 
to  action  by  the  nervous  influence.  The  experiments  of  Sir  Evx- 
RARD  Home  are,  however,  more  applicable,  as  having  been  direct- 
ed to  the  larger  arteries,  respecting  which  the  greatest  doubts  have 
been  entertained. 

The  carotid  artery  of  a  dog  was  laid  bare ;  the  par  vagum  and 
great  sympathetic,  which,  in  that  animal,  form  one  bundle,  were 
separated  from  it  by  a  flattened  probe,  for  one-tenth  of  an  inch  in 
length ;  the  head  and  neck  of  a  dog  were  then  placed  in  an  ea^y 
position,  and  the  pulsations  of  the  carotid  artery  were  attended  to 
by  all  present,  for  two  minutes,  in  order  that  the  eye  might  be  slc* 
customed  to  their  force  in  a  natural  state.  The  nerve,  passing  over 
the  probe,  was  then  slightly  touched  with  caustic  potassa.     In  a 
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minute  and  a  half,  the  pulsations  of  the  exposed  artery  became 
more  distinct  In  two  minutes,  the  beats  were  stronger ;  in  four 
minutes,  their  violence  was  lessened ;  and  in  five  minutes,  the  ac- 
tion was  restored  to  its  natural  state.  The  experiment  was  repeat- 
ed, with  analogous  results,  upon  a  rabbit.  In  that  animal,  the  par 
vagum  was  separated  from  the  intercostal  nerve ;  and  it  was  found, 
that,  when  the  par  vagum  alone  was  irritated,  no  increase  took 
place  in  the  force  of  the  action  of  the  artery.  ^^The  carotid  ar* 
tery,''  says  Sir  Everarb,  "  was  chosen  as  the  only  artery  in  the 
body  of  sufficient  size,  that  can  be  readily  exposed,  to  which  the 
nervous  branches,  supplying  it,  can  be  traced  from  their  trunk. 
This  experiment  was  repeated  three  di£ferent  times,  so  as  to  leave 
no  doubts  respecting  the  result '^  These  experiments  demonstrate, 
that,  under  the  nervous  influence  at  least,  an  increase  or  diminution 
can  take  place  in  the  contraction  of  an  artery ;  and  they  aid  us  in 
the  explanation  of  those  cases,  in  which  the  circulation  has  been  ac- 
complished, where  the  heart  has  been  altogether  wanting  or  com- 
pletely defective  in  structure. 

Sir  EvERARD  instituted  some  farther  experiments,  with  the  view 
of  determining  whether  heat  or  cold  has  the  greatest  agency  in 
stimulating  the  nerves  to  produce  this  efiect  upon  the  artery.  The 
wrist  of  one  arm  was  surrounded  by  bladders  filled  with  ice ;  and 
after  it  had  remained  in  that  state  for  five  minutes,  the  pulse  of  the 
two  wrists  was  felt  at  the  same  time.  The  beats  in  that  which  had 
been  cooled,  were  found  to  be  manifestly  stronger.  A  similar  ex- 
periment was  now  made  with  water,  heated  to  120^  or  130^  of 
Fahrenheit.  The  pulse  was  found  to  be  softer  and  feebler  in  the 
heated  arm.  When  one  wrist  was  cooled  and  the  other  heated,  the 
stroke  of  the  pulse,  in  the  cooled  arm,  had  much  greater  force  than 
that  of  the  heated  one. 

These  experiments  were  repeated  upon  the  wrists  of  several 
young  men  and  young  women  of  difierent  ages,  with  a  uniform 
result 

Lastly,  we  have  remarked,  and  shall  have  occasion  to  refer  to 
the  matter  again,  that  certain  animals,  which  have  no  heaz^  have 
circulating  vessels  in  which  contraction  and  dilatation  are  percep- 
tible. This  is  the  case  with  the  class  vermes  of  Cuvier,  and  can 
be  seen  very  distinctly  in  the  lumbrictis  marinus  or  lugj  the 
leechj  &c.  The  fact  has  been  invoked  by  the  believers  in  the  mus- 
cular contractility  of  arteries,  as  well  as  by  those  who  conceive  the 
contractility  to  be  peculiar ;  but  our  acquaintance  with  the  intimate 
structure  of  the  coats  of  Ihe  vessels,  in  those  animals,  is  too  minute 
for  us  to  assert  more,  than  that  they  are  manifestly  contractile. 

From  these  and  other  considerations,  the  majority  of  physiolo- 
gists, amongst  whom  we  may  mention  Haller,  Whttt,  Senac, 
Cullen,Stahl,  VonGorter,  Hunter,  Wilson  Philip,  Parry, 
Thomson,  Hastings,  Bostock,  and  Adelon,  have  admitted  a  con- 
tractile action,  not  simply  in  the  capillary  vessels,  but  in  the  larger 
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arterial  tnmka ;  and,  at  the  present  day,  the  most  general  and  aatie- 
factory  opinion  appears  to  be,  that,  in  addition  to  the  highly  elastic 
property  possessed  by  the  middle  coat,  it  is  capable  of  being  thrown 
into  contraction ;  that,  in  the  larger  ressels,  this  contraction  is  rarely 
exerted,  the  action  of  the  artery  being  simply  produced  by  its  elas- 
ticity; but  that,  in  the  smaller  arterial  ramifications,  the  contracti- 
lity is  more  apparent ;  and,  in  the  capillary  vessels,  is  scarcely 
equiyocal.  To  this  action  of  contractility,  necessarily  connected 
with  the  life  of  the  yessel,  and  differing  from  both  muscular  con- 
tractility and  simple  elasticity.  Dr.  Parrt  gave  the  name  tonicity, 

3.  Circulation  through  the  capillaries. — ^The  anatomical  de- 
scription of  the  capillaries  will  have  sufficiently  shown,  that  the 
notions,  entertained  by  the  earlier  physiologists,  of  an  intermediate 
substance  existing  between  the  arterial  and  venous  radicles,  is  de- 
void of  foundation,  and  that  a  direct  communication  exists  between 
them.  This  being  the  fact,  all  the  hypotheses,  at  one  time  enter- 
tained regarding  the  efiiision  of  the  arterial  blood  into  the  cells  of 
a  parenchyma,  whence  it  was  taken  up  by  the  veins,  are  necessarily 
nu^tory,  and  unworthy  of  farther  observation. 

The  agency  of  the  capillary  vessels  in  the  circulation  has  been  a 
subject  of  contention.  It  was  the  opinion  of  Harvet,  that  the  ac- 
tion of  the  heart  is  alone  sufficient  to  send  the  blood  through  the 
whole  circuit;  but  we  have  seen,  that,  even  when  aided  by  the  elas- 
ticity and  contractility  of  the  arterial  trunks,  the  pnlsations  of  the 
heart  become  imperceptible  in  the  smaller  arteries;  and,  hence, 
that  there  is  some  show  of  reason  for  the  belief,  that,  in  the  capil- 
lary vessels,  the  force  may  be  entirely  spent  Such,  indeed,  is  the 
opinion  of  Bichat,  who  regards  the  capillaries  as  organs  of  propul- 
sion, and  alone  concerned  in  returning  the  blood  to  the  heart  through 
the  veins.  Magendie,  again,  conceives  the  contraction  of  the  heart 
to  be  the  principal  cause  of  the  passage  of  the  blood  through  the 
capillaries ;  and  in  support  of  this  view  he  adduces  the  following 
experiment  Having  passed  a  ligature  round  the  thigh  of  a  dog, 
so  as  not  to  compress  the  crural  artery  or  vein,  he  tied  the  vein 
near  the  groin,  and  made  a  small  opening  into  the  vessel.  The 
blood  immediately  issued  with  a  considerable  jet  He  then  press- 
ed the  artery  between  the  fingers,  so  as  to  prevent  the  arterial  blood 
from  passing  to  the  limb.  The  jet  of  venous  blood  did  not,  how- 
ever, stop.  It  continued  for  some  moments,  but  went  on  diminish- 
ing, and  the  flow  was  arrested,  although  the  vein  was  filled  through- 
out its  whole  extent  When  the  artery  was  examined  during  these 
events,  it  was  observed  to  contract  gradually,  and  at  length  became 
completely  empty  when  the  course  of  the  blood  in  the  vein  ceased. 
At  this  stage  oifthe  experiment,  the  compression  was  removed  from 
the  artery ;  the  blood  immediately  passed  into  the  artery,  and  as 
soon  as  it  had  reached  the  final  divisions,  it  began  to  flow  again 
through  the  opening  in  the  vein,  and  the  jet  was  gradually  restored. 
On  compressing  the  artery  again,  until  it  was  emptied,  and  after- 
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wards  aUowioc  the  arterial  blood  to  pass  slowly  along  the  vessel^ 
the  discharge  from  the  yein  occurred,  but  without  any  jet;  which 
was  resumed,  however,  as  soon  as  the  artery  was  entirely  free. 

This  experiment  is  not  so  convincing  as  it  appears  to  be  to  M. 
Maoskbib.  So  far  as  it  goes,  it  exhibits  two  facts,  the  elastic, 
and  probably  contractile,  power  of  the  arteries ;  and  the  want  c^ 
agency  on  dlie  part  of  the  veins  in  moving  the  blood.  It  might 
have  been  expected,  a  priori^  under  any  hypothesis,  that  the  quan- 
tity of  blood  discharged  from  the  vein  would  hold  a  ratio  with  that 
sent  by  the  arteries;  and,  consequently,  the  experiment  appears  to 
us  to  bear  but  little  on  the  question  regarding  the  separate  contrac- 
tile action  of  the  capillaries.  It  is  difScult,  indeed,  to  believe,  that 
soeh  an  action  does  not  exist*  In  addition  to  the  circumstance, 
already  mentioned,  hi  the  absence  of  pulsation  in  the  smaller  arte- 
ries, almost  every  writer  on  the  theory  of  inflammation  considers 
the  point  established,  and  leaves  to  the  physiologist  the  by  no 
means  easy  task  of  confirming  it  Dr.  Wilson  Philip  placed  the 
web  of  the  frog's  foot  in  the  microscope,  and  distinctly  saw  the 
capillaries  contract  upon  the  application  of  those  stimulants,  which 

;roduce  the  contraction  of  the  muscular  fibre.  The  result  of  Dn 
'homsoh's  experiments,  in  investigating  the  subject  of  inflamma- 
tion, were  the  same,  as  well  as  those  of  Dr.  H  astinos.  The  facts, 
which  we  have  already  referred  to,  regarding  the  continuance  of 
the  circulation  in  the  minute  vessels,  after  the  heart  has  been  re- 
moved, are  confirmatory  of  the  same  point;  as  well  as  the  obser- 
vation of  Dr.  Philip,  that  the  blood  in  the  capillaries  is  influenced 
by  stimulants  applied  to  the  central  parts  of  the  nervous  system. 
Bkoussais  asserts,  that  he  has  seen  experiments,— originally  per- 
formed by  P.  A.  Fabrs,  which  showed,  that  the  blood,  in  Uie  ca- 
pillary system,  frequently  moves  in  an  opposite  direction  to  that 
given  it  by  the  heart, — ^repeated  by  Dr.  SARLANDi£RK,on  the  me- 
sentery of  the  frog.  In  th^,  ^^  the  blood  and  all  the  fluids  were 
seen  to  rush,  for  some  moments,  towards  the  point  irritated ;  and 
when  a  congestion  had  taken  place  there,  they  remarked  the  glo- 
bules taking  a  difierent  direction,  and  traversing  vessels  that  con- 
veyed them  in  an  opposite  course ;  and,  a  few  seconds  afterwards, 
these  were  again  observed  to  return  with  equal  rapidity  to  the 
point  from  which  they  had  been  repelled." 

Of  this  independent  action  of  the  capillary  vessels  we  have, 
every  day,  proofs  in  local  inflammation;  in  which  there  is  in- 

*  In  another  part  of  his  work,  when  speaking  of  the  ctnses  that  augment  the 
qaantitjr  of  blood  contained  in  the  veins,  Hlobvdib  appears  to  admit  a  separate 
action  of  the  vessels  of  a  part  "  When  the  feet,"  he  remarks,  "are  kept  for 
some  time  in  warm  water,  the  subcutaneous  veins  swell.  This  is  generally  at- 
tributed to  rare£Eu:tion  of  the  blood.  The  true  cause  appears  to  me  to  be,  the 
augmentation  of  the  quantity  of  blood,  which  is  carried  to  the  feet,  but  especially 
to  the  skin; — an  augmentation,  which  must  naturally  accelerate  the  yeloci^  of 
the  motion  of  the  blood  in  tibe  veins,  nnce  they  are  traversed,  in  a  given  tune, 
by  a  greater  quantity  of  Wood." 
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creased  redness  of  a  part^  without  the  general  circulation  eithibiting 
the  slightest  evidences  of  augmented  action  or  excitement  In  the 
natural  state,  the  tunica  conjunctiva,  covering  the  white  of  the  eye, 
is  not  supplied  with  red  vessels ;  but  if  any  cause  of  irritation  exists 
as  a  grain  of  sand  entering  between  the  eyelids,  we  find  red  blood 
rapidly  tent  into  the  white  vessels,  giving  the  appearance,  which 
has  been  termed,  not  inappropriately,  ^'bloodshot"  This  pheno- 
menon is  of  itself  sufficient  to  prove  the  existence  of  the  separate 
action  of  the  capillaries,  and,  when  taken  in  conjunction  with  otlier 
facts,  is  overwhelming.  The  blush  of  modesty,  and  the  paleness 
of  guilt,  the  hectic  glow,  and  the  translucency  of  congelation,  are 
all  instances  of  modification  in  the  capillary  circulation. 

It  is  in  this  part  of  the  sanguiferous  system,  that  most  important 
functions  take  place.  In  the  smallest  artery,  we  find  arterial  blood; 
and  in  the  smallest  vein,  communicating  with  it,  blood  always 
possessing  the  venous  properties.  Between  those  points,  a  change 
must  have  occurred,  precisely  the  reverse  of  that  which  happens 
in  the  lungs.  It  is  in  this  very  part,  too,  that  nutrition,  secretion, 
and  calorification  are  effected; — functions  which  will  have  to  engage 
our  attention  speedily.  In  these  functions,  we  shall  find  it  impos- 
sible not  to  invoke  a  distinct  and  elective  agency  in  the  vessels 
concerned  in  them ;  and,  as  it  is  by  such  agency,  that  the  varying 
activity  of  the  difierent  functions  is  regulated,  we  are  constrained 
to  believe,  that  the  capillary  vessels  may  be  able  to  exert  a  con- 
trolling influence  over  the  quantity  and  velocity  of  the  blood  cir- 
culating in  them. 

In  disease,  the  agency  of  this  system  of  vessels  is  an  object  of 
attentive  study  with  the  pathologist.  To  its  influence  in  inflam- 
mation, we  have  already  alluded ;  but  it  is  no  less  exemplified  in 
the  more  general  diseases  of  the  frame,  as  in  the  cold,  hot,  and 
sweating  stages  of  an  intermittent  Local,  irregular  capillary  ac- 
tion is,  indeed,  one  of  the  most  common  causes  of  acute  aflfections, 
and  these  generally  occur  in  some  organ,  at  a  distance  from  the 
seat  of  the  deranging  influence.  It  is  a  common  and  just  observa- 
tion, that  getting  the  feet  wet,  and  sitting  in  a  draught  of  air,  are 
more  certain  causes  of  catarrh  than  sudden  atmospheric  vicissitudes, 
which  necessarily  apply  to  the  whole  body ;  and  so  extensive  is 
the  sympathy  between  the  various  portions  of  this  system  of  ves- 
sels, that  the  most  diversified  efiects  will  be  produced  in  difierent 
individuals  exposed  to  the  same  common  cause ;  one  may  have  in- 
flammatory sore  throat;  another  ordinary  catarrh;  another,  inflam- 
mation of  the  bowels;  according  to  the  precise  predisposition,  ex- 
isting in  the  individual  at  the  time,  to  have  one  structure  morbidly 
affected  rather  than  another.  These  are  interesting  topics,  but  they 
belong  more  strictly  to  the  pathologist 

^  By  the  united  action,  then,  of  the  heart,  the  arteries,  and  the  ca- 
pillary system  of  vessels,  the  blood  attains  the  veins.  We  have 
now  to  consider  the  circulation  in  those  vessels. 
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4.  Circulaiion  in  the  veins. — It  has  been  already  observed^ 
that  Hasvet  considered  the  force  of  the  heart  to  be  of  itself  suffi- 
cient to  return  the  blood,  sent  from  the  left  ventricle,  to  the  heart; 
whilst  BiCHAT  conceived  the  whole  propulsory  effort  to  Be  lost  in 
the  capillaries,  ^nd  the  transmission  of  the  blood  along  the  veins 
to  be  entirely  effected  by  the  agency  of  the  capillary  system.  It  is 
singular,  that  an  individual,  of  such  distinguished  powers  of  dis* 
crimination,  should  have  been  led  into  an  error  of  such  magnitude. 
It  is  a  well-known  principle  in  hydrostatics,  that  although  water, 
when  unconfined,  can  never  rise  above  its  level,  at  any  point,  and 
can  never  move  up- 

wardsf  yet,  by  being  Fig.  115. 

confined  in  pipes  or 
dose  channels  of  any 
kind,  it  will  rise  to 
the  hei^t  from  which 
it  came.  Hence  the 
water  or  blood  in  the 
Teasel  A,  Fig.  115, 
which  may  be  consi- 
dered to  represent  the 
right  auricle,  would 
stand  at  the  dame 
height  as  that  in  the 
ressel  B,  which  we 
may  look  upon  as  the 
left   ventricle,    were 

they  even  inanimate  tubes.  We  need  be  at  no  loss,  therefore,  in 
understanding  how  the  blood  might  attain  the  right  auricle 
by  this  hydrostatic  principle  alone;  but  we  have  seen  -that,  to 
this,  the  force  exerted  by  the  heart,  by  the  arteries,  and  by  the 
cs^illary  system  is  superadded,  so  that  the  Uood  would  rise  much 
higher  than  the  left  auricle,  and  consequently  exert  a  manifest  ef- 
fort to  enter.  It  may  be  remarked,  also,  that  the  left  ventricle  is 
not  the  true  height  of  the  source,  but  the  top  of  the  arch  of  the 
aorta,  which  is  more  elevated,  by  several  inches,  than  the  right  au- 
ricle. 

Are  we  then  to  regard  the  veins  as  simple  elastic  tubes?  Thisis 
the  prevalent  belief.  Their  elasticity  is,  however,  much  less  than 
that  of  the  arteries.  Some  physiologists  have  conceived  them  to 
possess  contractile  properties.  Such  is  the  opinion  of  Broussais, 
who  founds  his  opinion,  in  part,  upon  certain  experiments  by  Sak- 
ulndhre,  already  referred  to,  in  which  contraction  and  relaxation 
of  the  vena  cava  of  a  frog  were  seen,  for  many  minutes  after  the 
heart  was  removed  from  the  body. 

That  the  veins  are  possessed  of  elasticity  is  proved  by  the  ope- 
ration of  blood-letting,  in  which  a  part  of  the  jet,  on  puncturing 
the  vein,  is  owing  to  the  oyer-distended  vessel  returning  upon  it- 
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self;  buty  that  this  property  exists  to  a  trifliog  extent  011I7,  is  shown 
by  the  experiment  of  Maoendis  with  the  crural  artery  and  vttn, 
and  by  the  yaricose  state  of  the  vessds,  which  so  frequently  occurs 
in  the  lower  extremities. 

From  this  inquiry  into  the  agency  of  the  different  circulatory 
organs  in  propelling  the  blood,  it  is  manifest,  that  the  action  of  the 
heart;  the  elasticity  of  the  arteries;  and  perhaps  also,  a  certain  de- 
gree of  contractile  action,  in  the  smaller  ressels  more  especially; 
a  distinct  action  of  the  capillary  vessels,  and  a  slight  elastic  and 
perhaps  contractile  action  on  the  part  of  the  Teins  must  be  chiefly 
invoked.  Of  these,  the  action  of  Uie  heart,  and  capillaries,  and  tto 
contraction  of  the  arteries  and  veins,  if  it  exist,  can  alone  be  re- 
garded as  sources  of  motion;  the  elasticity  of  the  vessels  being  sim- 
ple directors  not  generators  of  force.  These  are  sufficient,  in  oor 
mind,  to  explain  the  whole  phenomena  of  the  circulation;  but 
other  causes  have  been  pointed  out,  which  may  be  regaled  as 
accessories.  One  of  these  is  the  suction  power  of  the  heart,  or  <fe- 
rivation,  as  it  has  been  termed,  to  which  attention  has  been  chiefly 
directed,  of  late  years,  by  Drs.  Wilson  Philip  and  Carson  more 
especially.  It  is  presumed,  that  the  muscular  fibres  of  the  heart 
are  mixed  up  with  a  large  quantity  of  cellular  tissue;  and  that, 
whilst  the  contraction  of  the  cavities  is  effected  by  the  action  of 
the  muscular  fibres,  dilatation  is  produced  by  the  relaxation  of  the 
contracted  fibres,  and  the  elasticity  of  the  cellular  tissue;  so  that 
when  the  auricle  has  contracted  and  sent  its  blood  into  the  ven- 
tricle; its  elasticity  restores  it  to  its  dilated  condition;  a  vacmim  in 
thus  formed  in  the  ventricle,  and  the  blood  rushes  in  to  fill  it 
This  adtion  has  been  compared,  by  Dr.  Bostocx,  and  by  Sir 
Charles  Bell,  to  that  of  an  elastic  gum  bottle,  which,  when 
filled  with. water,  and  compressed  with  the  band,  allows  the  flnid  to 
be  driven  from  its  mouth  with  a  velocity,  proportionate  to  the  com- 
pressing force.  But  the  instant  the  pressure  is  removed,  elasticity 
begins  to  operate,  and  if  the  mouth  of  the  bottle  be  now  immersed 
in  water,  a  considerable  quantity  of  that  fluid  will  be  drawn  up 
into  the  bottle,  in  consequence  of  the  vacuum  formed  within  it 

Another  accessory  force,  that  has  been  invoked,  is  the  suction 
power  of  the  chest,  or  the  inspiration  of  venous  blood,  as  it  has 
been  termed.  This  is  conceived  to  be  effected  by  the  same  me- 
chanism as  that  which  draws  air  into  the  chest  The  chest  is 
dilated  during  inspiration;  an  approach  to  a  vacuum  occurs  in  the 
thorax;  and  the  Uood,  as  well  as  the  air,  b  forcibly  drawn  towards 
that  cavity.  On  the  other  band,  during  expiration,  all  the  thoracic 
viscera  are  compressed;  the  venous  blood  is  repelled  from  the 
chest;  whilst  the  arterial  blood  reaches  its  destination  with  greater 
celerity,  owing  to  the  action  of  the  expiratory  muscles  being  added 
to  that  of  the  left  ventricle. 

Haller,  Lamure,  and  Lorry  had  observed,  that  the  blood,  in 
the  external  jugular  vein,  moves  under  manifestly  difierent  influ- 


FORCES  THAT   YBOPSI*  THE   BLOOD.  149 

enee&f  daring  inflpiration  and  expiration.  Grenerally,  when  the 
chest  is  dilated  in  inspiration,  the  vein  empties  itself  briskly,  be- 
comes flat,  and  its  sides  are,  occasionally,  accurately  applied  against 
each  other;  but  during  expiration  the  vein  rises  and  becomes  filled 
with  blood;— effects,  which  are  more  erident,,  when  the  respira- 
tory movements  are  more  extensive.  The  explanation  of  this  phe- 
nomenon, by  Haxlsr  and  Lorrt,  is  the  one  given  above. 

To  discover  whether  the  same  thing  happens  to  the  venae  cavae, 
Ma0£ndub  introduced  a  gum  elastic  catheter  into  the  jugular  vein, 
so  as  to  penetrate  the  vena  cava  and  even  the  right  auricle: — the 
blood  was  observed  to  flow  from  the  extremity  of  the  tube  at 
the  time  of  expiration  only.  During  inspiration,  air  was  rapidly 
drawn  into  the  heart,  giving  rise  to  the  symptoms,  to  be  mention^ 
hereafter,  which  attend  the  reception  of  air  into  that  organ.  Simi- 
lar results  were  obtained,  when  the  tube  was  introduced  into  the 
crural  vein  in  the  direction  of  the  abdomen.  So  far  as  regards 
the  larger  venous  trunks,  therefore,  the  influence  of  respiration  on 
the  circulation  is  sufficiently  evidenced. 

It  can  be  easily  shown,  by  opening  an  artery  in  the  limbs,  that 
expiration  manifestly  accelerates  the  motion  of  arterial  blood; 
especially  in  forced  expiration,  and  during  violent  exertion.  In 
animals,  subjected  to  experiment,  it  is  impracticable  to  excite 
either  the  forced  expiration  or  the  violent  effort  at  pleasure;  but 
we  can,  as  a  substitute,compress  the  sides  of  the  chest  with  the  hands, 
aecording  to  the  plan  recommended  by  Lamure,  and  the  blood 
will  be  found  to  flow  more  or  less  copiously,  in  proportion  to  the 
pressure  exerted. 

It  oecitf  red  to  Maoehdib,  that  this  effect  of  respiration  on  the 
coarse  of  the  blood  in  the  arteries  might  influence  the  flow  along 
the  veins.  To  prove  this,  he  passed  a  ligature  round  one  of  the 
jugular  veins  of  a  dog.  The  vessel  emptied  itself  beneath  the  liga- 
ture, and  became  turgid  above  it  He  then  made  a  slight  puncture, 
with  a  lancet,  in  the  distended  portion;  and  in  this  way  obtained 
a  jet  of  Uood,  which  was  not  sensibly  modified  by  the  ordinary 
respiratory  movements,  but  became  of  triple  or  quadruple  the  size, 
when  the  animal  struggled.  As  it  might  be  objected  to  this  experi- 
ment, that  the  effect  of  respiration  was  not  transmitted  by  the  arte- 
ries to  the  open  vein,  but  rather  by  the  veins  that  had  remained 
free,  which  might  have  conveyed  the  blood,  repelled  from  the  vena 
cava,  towards  the  tied  vein,  by  means  of  anastomoses, — the  expe- 
riment was  varied. 

The  dog  has  not,  like  man,  large  internal  jugular  veins,  which 
receive  the  blood  from  the  interior  of  the  head.  The  circulation 
from  the  head  and  neck  is^  in  it,  almost  wholly  confined  to  the 
external  jugular  veins,  which  are  extremely  large ;  the  internal  ju- 
gulars being  little  more  than  vestiges.  By  tying  both  of  these  veins 
atonce,MAGBMDiB  made  sure  of  obviating,  in  great  part,  the  reflux 
in  question;  but,  instead  of  this  double  ligature  diminishing  the  phe- 
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nomenon  under  consideration,  the  jet  became  more  closely  con- 
nected with  the  respiratory  movements ;  for  it  was  manifestly  mo- 
dified even  by  ordinary  respiration,  which  was  not  the  case  when 
a  single  ligature  was  employed. 

From  £ese  and  other  experiments,  Magsndis  properly  con- 
cludes, that  the  turgescence  of  the  veins  must  not  be  ascribed,  with 
Hallsr,  Lahure,  and  Lorrt,  simply  to  the  reflux  of  the  blood 
of  the  venae  cavae  into  the  branches  opening  directly  or  indirectly 
into  them;  but  that  it  is  partly  owing  to  the  blood  being  sent  in 
larger  quantity  into  the  veins  from  the  arteries. 

In  the  same  manner  are  explained  the  rising  and  sinking  of  the 
brain,  which,  it  was  observed  in  an  early  part  of  this  work,  are  syn- 
chronous with  expiration  and  inspiration.  During  expiration,  the 
thoracic  and  abdominal  viscera  are  compressed,  and  the  blood  is 
driven  more  into  the  branches  of  the  ascending  aorta,  and  it  is,  at 
the  same  time,  prevented  from  returning  by  die  veins:  owing  to 
the  combination  of  these  causes,  the  brain  is  raised  during  expira- 
tion. In  inspiration,  all  this  pressure  is  removed ;  the  blood  is  free 
to  pass  equally  by  the  descending,  as  by  the  ascending,  aorta;  the 
return  by  the  veins  is  ready,  and  the  brain  therefore  sinks.* 

We  can  thus,  also,  explain  why  the  face  is  red  and  swollen 
during  crying,  running,  straining,  and  the  violent  emotions;  and 
why  pain  is  excited  in  local  inflammations  of  an  extremity, — as  in 
a  case  of  whitlow, — when  respiration  is  hurried  or  impeded  by 
running,  crying,  &c.  The  blood  accumulates  in  the  part,  owing  to 
the  compound  effect  of  increased  flow  by  the  arteries,  and  impeded 
return  by  the  veins.  The  same  explanation  applies  to  the  produc- 
tion of  hemorrhage  by  any  violent  exertion;  and  Bourdon  af- 
firms, that  he  has  always  seen  hemorrhage  from  the  nose  largely 
augmented  during  expiration;  diminished  at  the  time  of  inspira- 
tion, and  arrested  by  prolonged  inspiration ;— a  therapeutical  fiict 
of  some  interest    » 

It  is  manifest,  then,  that  the  circulation  is  modified  by  the  move- 
ments of  inspiration  and  expiration, — ^the  former  facilitating  the 
flow  of  blood  to  the  heart  by  the  veins,  and  the  latter  encouraging 
that  by  the  arteries;  and  we  shall  see  hereafter,  that  there  is 
great  reason  for  the  belief,  that  the  dilatation  of  the  chest, — which 
constitutes  the  first  inspiration  of  the  new-born  child,— is  a  great 
cause  of  the  establishment  of  the  new  circulation;  the  same  dilata- 
tion, which  causes  the  entrance  of  air  into  the  air-cells,  soliciting 
the  flow  of  blood,  or  the  **  inspiration  of  venous  blood,*'  as  Ma- 
GENDiE  has  termed  it. 

The  influence  of  ordinary  respiration  can,  however,  be  but 
trifling ;  yet  it  has  of  late  years  been  brou j^t  forward  by  Dr. 

*  This  motion  of  the  brain  must  not  be  confounded  with  that  which  is  synchro- 
nous with  the  contraction  of  the  left  ventricle;  and  whidi  is  owin^^  to  the  pulsa- 
tion of  the  arteries  at  the  base  of  the  brain. 
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BARftT  as  the  efficient  cause  of  venous  circulation.  His  reasons 
for  this  belief  are^ — the  facts  just  mentioned,  regarding  the  influ- 
ence of  inspiration  on  the  flow  of  blood  towards  the  hearty  and 
certain  ingeniously  modified  experiments,  tending  to  the  elucida- 
tion of  the  same  result  He  introduced  one  end  of  a  spirally  con- 
voluted tube  into  the  jugular  vein  of  an  animal,  and  plunged  the 
other  into  a  vessel  filled  with  a  coloured  fluid.  During  inspiration^ 
the  fluid  passed  from  the  vessel  into  the  vein ;  whilst,  during  ex- 
piration^  it  remained  stationary  in  the  tube,  or  was  repelled  into 
the  vessel.  Dr.  Bostock  remarks,  that  he  was  present  at  some  ex- 
periments which  were  performed  by  Dr.  Barry  himself  at  the 
Veterinary  College  in  London,  and  it  appeared  sufficiently  obvi- 
ous, that  when  one  end  of  a  glass  tube  was  inserted  either  into-the 
large  veins,  into  the  cavity  of  the  thorax,  or  into  the  pericardium, — 
the  other  end  being  plunged  into  a  vessel  of  coloured  water, — the 
water  was  seen  to  rise  up  the  tube  during  inspiration,  and  to  des- 
cend during  expiration. 

The  conclusion  of  Dr.  Barrt,  from  these  experiments,  is  most 
comprehensive;— 'that  ''the  circulation  in  the  great  veins  depends 
upon  atmospheric  pressure  in  all  animals  possessing  the  power  of 
contracting  and  dilating  a  cavity  around  that  point,  to  which  the 
centripetal  current  of  their  circulation  is  directed ;''  and  he  con- 
ceives, that  as,  during  inspiration,  a  vacuum  is  formed  around  the 
heart,  the  equilibrium  of  pressure  is  destroyed;  and  the  atmos- 
phere acts  upon  the  superficial  veins,  propelling  their  contents  on- 
wards to  supply  the  vacuum. 

Independently  of  other  objections,  there  are  a  few  which  ap- 
pear to  us  convincing  against  the  sole  agency  of  ordinary  respira- 
tion in  efiecting  venous  circulation.  According  to  Barrt^s  hypo- 
thesis, blood  ought  to  arrive  at  the  heart  at  the  time  of  inspiration 
only;  and  as  there  are,  in  the  average,  seventy-two  contractions  of 
the  heart  for  every  eighteen  inspirations ;  or  four  contractions,  or, 
what  is  the  same  diing,  four  dilatations  of  the  auricle  for  each  res- 
piration; one  of  these  only  ought  to  be  concerned  in  the  propul- 
sion of  blood,  whilst  the  rest  should  be  bloodless;  yet  we  feel  no 
difierepce  in  the  strength  of  the  four  pulsations.  It  is  clear,  too,  * 
if  we  adopt  Dr.  Barrt's  reasoning,  that,  of  the  four  pulsations, 
two,  and  consequently  two  dilatations  of  the  auricles,  must  occur 
during  expiration,  at  which  time  the  capacity  of  the  chest  is  actu- 
ally diminished.  Moreover,  holding  the  breath  ought  to  suspend 
the  circulation.  It  is  manifest,  too,  that  the  respiratory  influence 
cannot  be  invoked  to  explain  the  circulation  in  the  foetus  or  in 
aquatic  animals. 

At  the  most,  therefore,  the  influence  of  respiration  can  only  be 
regarded  as  a  feeble  auxiliary  in  the  circulation.  In  favour  of  his 
opinion  of  the  efficiency  of  atmospheric  pressure  in  causing  the  re- 
turn of  blood  by  the  veins,  he  adduces  die  fact, — already  referred 
to,  under  the  head  of  MsorpHanf^ihsLt  the  application  of  an  ex- 
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Iitaated  VMSel  over  a  poisonous  wound  prevents  the  alMR^tm  of 
the  poison;  but  this  appears  to  be  a  physical  efimt,  which  would 
apply  equally  to  any  view  of  the  subject. 

There  is  another  circumstance  of  a  purely  physical  nature,  which 
may  exert  some  influence  upon  the  flow  of  the  blood  along  the 
reins;  viz.  the  expanded  termination  of  the  rens  cars  in  the  right 
aurida. 

To  explain  this,  it  is  necessary  to  premise  a  detail  of  some  hy- 
draulic facta.    If  an  aperture  A,  Fi^ 
Fig.  116.  116,  exist  in  a  cistern  X,  the  water 

will  not  issue  at  the  aperture  by  a 
stream  of  uniform  size;  but,  at  a 
short  distance  from  the  reservoir,  it 
will  be  contracted  as  at  B,  consti- 
tuting what  has  been  termed  the 
vena  cotUracta.  Now,  it  has  been 
found,  that  if  a  tube,  teelinically 
ealled  an  adjutage,  be  attached  to 
this  aperture,  so  as  to  accurately  fit 
the  stream,  as  at  A  B,  Fiff.lI7,  not 
only  will  as  much  fluid  now  from 
the  reservoir  ai  if  the  aperture  alone 
existed,  but  it  will  be  slightly  aug- 
mented; according  to  Vxhturi  m 
the  ratio  of  IS.I  to  10. 
If  to  this  adjutage,  another  be  added,  represented  by  B  C,  and  to 
-,.         _  this,   again,   a 

Jfiig.  117.  truncated  coni- 

cal tube  CD, 
the  length  of 
which  is  nearly 
nine  times  the 
diameter  of  C; 
end  the  diame- 
ter of  C  to  that 
of  D  be  as  1  to 
8;  the  flow  of 
water  will  be  augmented  in  the  proportion  of  84  to  IS.l ;  so  that, 
by  the  two  adjutages  A  B  and  C  D,  the  expenditure  is  increased  in 
the  ratio  of  S4  to  10. 

This  fact, — the  result  of  direct  experiment,  and  so  important  to 
those  who  contract  to  supply  water  by  means  of  pipes,— -was  known 
to  the  Romans.  Private  persons,  according  to  FBOKTitnTS,  were  in 
the  habit  of  purchasing  the  right  of  delivering  water  in  their  houses 
from  the  public  reservoirs,  and  the  law  prohibited  them  from  mak- 
ing the  conducting  pipe  larger  than  the  opening  allowed  them  in  the 
reservoir,  within  ihe  distance  of  fifty  feet.  The  Roman  legislature 
most  therefore  have  been  aware  of  the  fact,  that  an  adjutage  with  an 
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•spanded  orifiet  would  inereaie  the  flow  of  water;  but  they  were 
manifesdy  ignorant^  that  the  same  efieot  would  be  induced  beyond 
the  fifty  feet 

Liet  us  apply  this  law  to  the  circulation.  In  the  first  place,  at  the 
origin  of  the  pulmonary  artery  and  aorta,  there  is  a  manifi^  nar- 
rowness, formed  by  the  ring  at  the  base  of  the  semilunar  valves; 
see  Fig.  Ill ;  and  this  narrowness  might  be  conceived  unfavour&- 
ble  to  the  flow  of  the  blood  along  these  vessels  during  the  systole 
of  the  ventricles.  From  the  law,  however,  that  has  been  laid  down, 
this  narrowness  would  occupy  the  natural  situation  of  the  vena 
eontracta,  and  therefore  no  effect  would  be  induced.  The  discharge 
would  be  precisely  the  same  as  if  no  such  narrowness  existed. 

We  have  seen,  again,  that  the  vena  cava  becomes  of  larger  cali- 
bre as  it  approaches  the  right  auricle,  and  finally  terminates  in  that 
4»vity  by  an  expanded  aperture.  This  may  have  a  similar  efieot 
with  the  expanded  tube  C  D,  Fig.  117,  which  doubles  the  expen- 
diture. 

In  making  these  conjectures,  however,  some  of  which  have  been 
invoked  by  Sir  Charles  Bell,  it  is  proper  to  observe  that,  in  the 
opinion  of  some  natural  philosophers,  the  effect  of  the  adjutage  is  en- 
tirely due  to  atmospheric  pressure,  and  that  no  such  acceleration  oecurs 
iprovided  the  experiment  be  repeated  in  vtzcuo.  Sir  Charles  Bell 
eonoeives,  that  ^  the  weight  of  the  descending  column  in  the  re- 
servoir being  the -force,  and  this  operating  as  a  vis  a  tergo,  it  is 
like  the  water  propelled  from  the  jet  d'eau,  and  the  gradual  expan- 
aion  of  the  tube  permits  the  stream  from  behind  to  force  itself  be- 
tween the  filaments,  and  disperses  them,  without  producing  that 
pressure  on  the  sides  of  the  tube,  which  must  take  place,  where  it 
IS  of  uniform  calibre.^'  It  is  on  this  latter  view  only,  that  these 
singular  hydrostatic  (s^ts  can  be  applied  to  the  doctrine  of  the  cir- 
oulation. 

Such  then  are  the  chiei  accelerating  causes  of  the  circulation. 
There  are  some  others  which  at  times  accelerate,  and  at  times  xot 
tard ;  and  others  again,  that  must  always  be  regarded  as  impeding 
influenees.  All  these  are  of  a  physical  character,  and  apply  equally 
to  inert  hydraulic  machines,  as  to  the  pipes  of  the  human  body.    , 

Friction  always  acts  as  a  retarding  force.  That,  which  occurs 
between  a  solid  and  the  surface  on  which  it  moves,  can  be  subject- 
ed to  ealculation,  but  not  so  with  a  fluid;  inasmuch  as  all  its  parti- 
cles do  not  move  equally :  whilst  one  part  is  moving  rapidly,  an- 
other may  be  stationary,  moving  slowly,  or  even  in  a  contrary 
direction,  as  is  seen  in  riv^s,  where  the  middle  of  the  stream  al- 
ways flows  with  much  greater  velocity  than  either  side.  The  same 
thing  happ^is  to  water  flowing  through  pipes ;  the  water,  which  is 
in  contact  with  the  side  of  the  pipe,  moves  more  slowly  than  that 
at  the  centre. 

This  retiffding  force  is  much  diminished  by  the  polished  state 
of  the  inner  "surface  of  the  blood-vessels,  as  is  proved  by  the  dr- 
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eumstanee,  that  if  we  introduce  an  inert  tube  into  an  artery,  the 
blood  will  not  flow  through  it  for  any  length  of  time. 

Oravity  may  either  be  an  active  or  retarding  force,  and  is  al- 
ways exerting  itself  in  both  ways  on  different  sets  of  vessels.  If, 
for  example,  the  flow  of  blood  to  the  lower  extremity,  by  the  ar* 
teries,  be  aided  in  the  erect  attitude  by  the  force  of  gravity,  its 
return  by  the  veins  is  retarded  by  the  same  cause.  Every  observer 
must  have  noticed,  that  the  pulse  of  an  individual  in  health  beats 
slower,  when  he  is  in  the  recumbent,  than  in  the  erect,  attitude.. 
This  is  owing  to  there  being  no  necessity  for  the  heart  to  make  use 
of  unusual  exertions  for  the  purpose  of  forcing  the  blood,  against 
gravity,  towards  the  upper  part  of  the  body.  In  therapeutics,  the 
physician  finds  great  advantage  from  bearing  this  influence  in  mind; 
and,  hence,  in  diseases  of  the  head, — as  in  inflammation  of  the 
brain,  in  apoplectic  tendency,  ophthalmia,  &e.— he  directs  the  pa- 
tient's head  to  be  kept  raised ;  whilst  in  uterine  affections,  the 
horizontal  posture,  or  one  in  which  the  Iowot  part  of  the  body  is 
raised  even  higher  than  the  head,  is  inculcated ;  and  in  ulcers  or 
inflammatory  diseases  of  the  lower  extremities,  the  leg  is  recom- 
mended to  be  kept  elevated.  Every  one,  who  has  had  the  misfor- 
tune to  suffer  from  whitlow,  must  have  experienced  the  essential 
difference,  as  regards  Intensity  of  pain,  produeed  by  position.  If 
the  finger  be  held  down,  gravity  aids  the  flow  of  blood  by  the  ar- 
teries, and  retards  its  return  by  the  vein^;  the  consequence  is 
turgescence  and  painful  distention ;  but  if  it  be  held  hizher  than 
the  centre  of  the  circulation,  the  flow  by  the  arteries  is  impeded; 
whilst  its  return  by  the  veins  is  accelerated,  and  hence  the  marked 
relief  afforded* 

Curvatures. — ^Besides  fUction,  the  existence  of  curvatures  has 
considerable  effect  on  the  velocity  and  quantity  of  the  fluid  passing 
through  pipes.  A  jet  will  not  rise  as  high  from  the  pipe  or  adjutage 
of  a  reservoir,  if  there  be  an  angular  turn  in  it,  as  if  the  bend  were 
^a  gradual  curve  or  sweep.  The  expense  offeree,  produced  by  such 
curvatures  in  arteries,  is  seen  at  each  contraction  of  the  ventricle, 
by  the  tendency  in  the  artery  to  become  straight,  producing  an 
.  evident  movement,  which  has  been  called  the  bcomoiion  of  the 
artery  f  and  has  been  looked  upon,  by  some,  as  the  principal  cause 
of  the  pulse.  This  motion  is,  of  course,  more^perceptible  the  nearer 
it  is  to  the  heart  and  the  greater  the  vessel ;  hence  it  is  more  ob- 
vious at  the  arch  of  the  aorta ;  and  we  can  now  understand  why 
this  arch  should  be  so  gradual. 

We  have  a  striking  example  of  the  force,  used  in  this  effort  at 
straightening  the  artery,  in  the  case  of  the  popliteal  ;artery,  when 
the  legs  are  crossed,  and  a  curvature  is  thus  produced.  The  force 
is  sufficient  to  raise  a  weight  of  upwards  of  fifty  pounds  at  each 
contraction  of  the  ventricle,  notwithstanding  it  acts  at  the  extre- 
mity of  such  a  long  lever.  This  fact  is  sufficient  to  exhibit  the  in- 
accuracy of  the  notion  of  Bichat,  that  the  curvaturea  in  the  arte- 
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ries  can  have  no  effect  in  retarding  the  flow  of  blood.    Snch  could 
only  be  the  case,  he  thinks,  if  the  vessels  were  empty  at  each  systole. 

The  anastomoses  of  vessels  have,  doubtless,  also  some  Influence 
on  the  course  of  the  blood;  but  it  is  impossible  to  appreciate  it 
The  superficial  veins  are  especially  liable  to  have  the  circulation 
impeded  by  compression  in  the  different  postures  of  the  body ;  but, 
by  means  of  the  numerous  anastomoses  that  exist,  if  the  blood  can- 
not pass  by  one  channel,  it  is  diverted  into  others.  Although,  how- 
ever, a  forcible  compression  may  arrest  or  retard  the  flow  by  these 
vessels,  a  slight  degree  of  support  prevents  dilatation  of  the  vein 
by  the  force  of  the  blood  passing  into  it,  and  thus  favours  its  mo- 
tion. The  constant  pressure  of  the  skin  is  hence  serviceable  to  the 
circulation  through  the  subcutaneous  veins ;  and  if,  by  any  means, 
the  pressure  is  diminished,  especially  in  those  parts  in  which  the 
blood  has  to  make  its  way  contrary  to  gravity,  as  in  the  lower  ex- 
tremities, varices  or  dilatations  of  the  vessels  arise,  which  are  re- 
medied by  the  mechanical  compression  of  an  appropriate  bandage. 

Attempts  have  been  made  to  calculate  the  velocity  with  which 
the  blood  proceeds  in  its  course;  or,  how  long  it  would  take  for  a 
globule  of  blood,  setting  out  from  the  left  side  of  the  heart  to  at- 
tain the  right  side.  It  is  clear,  that  the  data  are,  in  the  first  place, 
totally  insufficient  for  any  approximation.  We  know  not  the  total 
quantity  of  blood,  contained  in  the  vessels;  the  quantity  sent  into 
liie  artery  at  each  contraction  of  the  ventricle;  the  relative  velocity 
of  the  arterial,  venous,  and  capillary  circulations;  and  if  we  knew 
them  at  any  one  moment,  they  are  liable  to  incessant  fluctuations, 
which  would  preclude  any  accurate  average  from  being  deduced. 
Were  these  circumstances  insufficient  to  exhibit  the  inanity  of  such 
researches,  the  varying  estimates  of  different  observers  would  fully 
establish  it  These  assign  the  time  occupied  in  the  circulation 
from  two  minutes  to  fifteen  or  twenty  hours! 

Notwithstanding  the  absence  of  all  data,  a  recent  writer  has  gone 
so  far  as  to  state  the  average  velocity  of  the  blood  in  the  aorta,  at 
about  eight  inches  per  second;  whilst  ^^  the  velocity  in  the  extreme 
capillaries  is  found  to  be  often  less  than  one  inch  per  minute;^'  and 
a  similar  estimate  was  made  by  Dr.  Young;  but  die  judicious  phy<> 
siologist  knows  well,  that  in  all  operations,  which  are  partly  of  a 
vital  character,  the  results  of  every  kind  of  calculation  must  be 
given  with  caution  and  humility. 

In  the  larger  animals,  as  the  whale,  the  quantity  of  the  fluid 
circulating  in  the.  aorta  must  be  prodigious.  Pr.  Hunter,  in  his 
account  of  the  dissection  of  a  whale,  states  that  the  aorta  was  a  foot 
in  diameter,  and  that  ten  or  fifteen  gallons  of  blood  were  probably 
thrown  out  of  the  heart  at  each  stroke;  so  that  this  vessel  is  in  the 
whale  actually  larger  than  the  main  pipe  of  the  old  water-works 
at  London  Bridge;  and  the  water,  rushing  through  the  pipe,  has 
been  conceived  to  have  less  impetus  and  veloeity  than  that  gushing 
from  the  heart  of  this  leviathan. 
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The  velocity  of  the  circulating  fluid,  in  tMs  minute  T6fliel8,  is 
necessarily  less  than  in  the  larger.  Their  united  calibres  are  much 
greater  than  that  of  the  trunk  with  which  they  communicate.  This 
diminution  of  velocity  is  in  accordance  with  a  law  of  hydrodyna- 
mics;— that  when  a  liquid  flows  through  a  full  pipe,  the  quantity 
which  traverses  the  different  sections  of  the  pipe,  in  a  given  time, 
must  be  every  where  the  same;  so  that  where  the  pipe  is  wider  the 
velocity  diminishes;  and,  on  the  contrary,  where  it  is  narrower 
the  velocity  increases.  That  such  is  the  case,  in  the  living  body, 
we  know  by  the  different  velocity  with  which  the  blood  flows, 
when  a  large  or  a  small  vessel  is  opened. 

From  what  has  been  said,  regarding  the  curvatures  and  angles 
of  vessels,  it  will  be  understood,  that  the  blood  must  proceed  to 
different  organs  with  different  velocities.  The  renal  artery  is  ex- 
tremely short,  straight,  and  large,  and  must  consequently  transmit 
the  blood  very  differently  to  the  kidney,  from  the  tortuous  carotid, 
which  conveys  the  blooid  to  the  brain;  or  the  spermatic  artery, 
which  supplies  the  testicle.  A  different  impulse  must,  consequently, 
be  given  to  Iheir  corresponding  organs  by  these  different  vessels. 
A  great  portion,  however,  of  the  impulse  of  the  heart  must  fail 
to  reach  the  kidney,  short  as  the  renal  artery  is,  owing  to  its  pas- 
sing off  from  the  aorta  at  a  right  angle;  and,  hence,  the  impulse  of 
the  blood  on  the  kidney  may  not  be  as  great  as  might  be  imagined 
at  first  sight. 

The  tortuosity  of  the  carotid  arteries  is  such  as  to  greatly  destroy 
the  impetus  of  the  blood;  so  that  but  trifling  hemorrhage  takes 
place  when  the  brain  is  sliced  away,  on  a  living  animal,  although 
it  is  presumed,  that  one-eighth  of  the  whole  quantity  of  blood  is  sent 
to  the  encephalon.  Rush  supposed,  that  the  use  of  the  thyroid  gland 
is  to  break  the  afflux  of  blood  to  the  brain;  for  which  its  situation 
between  the  heart  and  the  head  appeared  to  him  to  adapt  it;  and 
he  adduced,  as  farther  arguments,  the  number  of  arteries  which 
it  receives,  although  effecting  no  secretion;  as  well  as  the  effeel 
on  the  brain,  which  he  conceived  to  be  caused  by  diseases,  and  by 
extirpation,  of  the  thyroid;  the  latter  having  actually  occasioned,  in 
his  opinion,  inflammation  of  the  brain,  rapidly  terminating  fatally ; 
whilst  goitre  is  often  accompanied  by  idiotism.  The  opinion,  how- 
ever, is  so  entirely  conjectural,  and  ihe/actSj  on  which  it  rests,  so 
questionable,  that  it  does  not  demand  serious  refutation. 

This  leads  us  to  remark,  that  the  thyroid  gland,  as  well  as  other 
organs  with  whose  precise  functions  we  are  totally  unacquainted,-* 
as  the  thymus,  spleen,and  supra-renal  capsules, — ^have  b^n  conceiv- 
ed to  serve  as  diverticula  to  the  blood,  when,  owing  to  particular 
circumstances,  that  fluid  cannot  circulate  properly  in  other  parts. 
LiETrrAtTD  having  observed,  that^he  spleen  is  always  larger  when 
the  stomach  is  empty  than  when  full,  considered^  that  the  Mood, 
when  digestion  is  not  going  on,  reflows  into  the  spleen,  and  that 
thus  this  organ  becomes  a  diverticulum  to  the  stomach. 

The  opinion  has  been  indulged  by  many,  with  more  or  less  mo- 
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dification.  Dr.  Rush's  view  wm  yet  more  comprehensive.  He 
regarded  the  spleen  as  a  diverticulum,  not  simply  to  the  stomach, 
but  to  the  whole  system,  when  the  circulation  is  violently  excited, 
as  in  passion,  or  in  violent  muscular  efforts,  at  which  times  there 
is  danger  of  sanguineous  congestion  in  different  organs;  and,  in 
support  of  his  view,  he  invokes  the  spongy  nature  of  the  spleen; 
the  frequency  of  its  distention;  the  large  quantity  of  blood  distri- 
bated  to  it;  its  vicinity  to  the  centre  of  the  circulation;  and  the 
sensation  referred  to  it  in  running,  laughing,  &c. 

Broossais  has  still  farther  extended  his  notion  of  diverticula.  He 
affirms,  that  they  always  exist  in  the  vicinity  of  organs,  whose  func- 
tions  are  manifestly  intermittent  In  the  foetus,  the  blood  does  not  cir« 
culate  through  the  lungs  as  when  respiration  has  been  established: 
diverticula  he,  therefore,  considers  to  be  necessary:  these  are  the 
thymus  and  thyroid  glands.  The  kidneys  do  not  act  in  utero:  hence 
the  use  of  the  supra-renal  capsules  as  diverticula. 

At  birth,  these  organs  are  either  wholly  obliterated,  if  the  or- 
gans to  which  they  previously  acted  as  diverticula  have  continuous 
Amctions;  or  they  are  only  partly  obliterated,  if  tha  functions  are 
intermittent  Thus,  the  spleen  continues  as  a  diverticulum  to  the 
stomach,  because  its  functions  are  intermittent  through  life;  and 
the  thymus  disappears,  when  respiration  is  established;  whilst  he 
regards  the  liver  and  the  portal  system  as  a  reservoir,  inservient  to 
the  reception  of  the  blood,  in  oases  of  impediment  to  the  circula* 
tion  in  different  parts  of  the  body. 

These  notions  are  entirely  hypothetical.  We  shall  see,  hereafter. 
Hint  our  ignorance  of  the  offices  of  the  spleen,  thymus,  &c.  is  ex- 
treme; and  we  have  already  shown,  that  much  more  probable  uses 
can  be  assigned  to  the  portal  system.  The  insufficiency  of  the 
doctrine  of  diverticula  by  Brotjssais  is  strikingly  evidenced  by 
the  fact,  that  whilst  the  thymus  gland  disappears  gradually  in  the 
progress  of  age,  the  thyroid  remains,  as  well  as  the  supra-renal 
capsules. 

We  have  had  occasion,  more  than  once,  to  refer  to  the  subject 
of  the  pulse,  or  to  the  beat,  felt  by  the  finger  when  applied  over 
any  of  the  larger  arteries.  The  opinions  of  individuals  have  varied 
essentially  regarding  its  cause.  Whilst  most  physiologists  have 
believed  it  to  be  owing  to  distention  of  the  arteries,  caused  by  each 
contraction  of  the  left  ventricle;  some,  as  Lamube,  have  admitted 
a  systole  and  diastole  of  the  vessel  itself;  others,  as  Bichat  and 
Weitbbbcht  have  thought  that  it  is  owing  to  the  locomotion  of 
the  artery;  others,  that  the  impulse  of  the  heart's  contraction  is 
transmitted  through  the  fluid  blood,  as  through  a  solid  body;  and 
othe/s  as  Dr.  Youno  and  Dr.  Parby,  that  it  is  owing  to  the  sud- 
den rush  forward  of  the  blood  in  the  artery  without  distention. 

BioHAT  was  one  of  the  first,  who  was  disposed  to  doubt,  whe- 
ther the  dilatation  of  the  artery,  which  was  almost  universsdly  ad- 
mitted, really  existed;  or  if  it  did,  whether  it  was  sufficient  to 
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explain  the  phenomenon;  and,  since  his  time,  numerous  experi- 
ments have  been  made  by  Dr.  Parry,  the  result  of  which  satis- 
fied him,  that  not  the  smallest  dilatation  can  be  detected  in  the 
larger  arteries,  when  they  are  laid  bare  during  life;  nor  does  he 
believe,  that  there  is  such  a  degree  of  locomotion  of  the  vessel,  as 
can  account  for  the  effect,  produced  upon  the  finger.  He  ascribes 
the  pulse,  therefore,  to  ^'  impulse  of  distention  from  the  systole 
of  the  left  ventricle,  given  by  the  blood,  as  it  passes  through  any 
part  of  an  artery,  contracted  within  its  natural  diameter."  Dn 
BosTOCK  appears  to  coincide  with  Dr.  Parrt  if  we  understand  him 
rightly,  or  at  all.  '^  According  to  this  (Dr.  Parry's)  doctrine,"  he 
remarks,  **  we  must  regard  the  artery  as  an  elastic  and  distensible 
tube,  which  is  at  all  times  filled,  although  with  the  contained  fluid 
not  in  an  equally  condensed  state,  and  that  the  effect  produced 
upon  the  finger  depends  upon  the  amount  of  this  condensation,  or 
upon  the  pressure  which  it  exercises  upon  the  vessel,  as  determin- 
ed by  the  degree,  in  which  it  is  capable  of  being  compressed/' 

Most  of  the  theories  of  the  pulse  take  the  contractility  of  the 
artery  too  Utile  into  account  In  pathology,  where  we  have  an 
opportunity  of  observing  the  pulse  in  various  phases,  we  meet  with 
sensations,  communicated  to  the  fingers,  which  it  is  difficult  to  ex- 
plain upon  any  theory,  except  that  of  the  compound  action  of  the 
heart  and  arteries.  The  impulse  is  obviously  that  of  the  heart,  and 
although  the  fact  of  distention  escaped  the  observation  of  both 
BicHAT  and  Parry,  we  ought  not  to  conclude,  that  it  does  not 
occur.  It  is  indeed,  impossible  for  us  to  believe,  that  such  an 
impulse  can  be  communicated  to  a  fluid  filling  an  elastic  vessel, 
without  pulsatory  distention  supervening.  In  opposition,  too,  to 
the  negative  observations  of  Bichat  and  Parry,  we  have  the  posi- 
tive averment  of  Dr.  Hastings,  that  the  alternate  contraction  and 
dilatation  of  the  larger  arteries  was  clearly  seen  by  himself  and 
friends. 

We  have  remarked,  that  the  arterial  system  is  manifestly  more 
or  less  affected  by  the  nerves  distributed  to  it;  that  it  may  be  sti- 
mulated by  irritants,  applied  to  the  great  nervous  centres,  or  to  the 
nerves  passing  to  it;  and  this  is,  doubtless,  the  cause  of  many  of 
the  modifications  of  arterial  tension,  that  we  notice  in  disease.  No 
inflammation  can  affect  any  part  of  the  system,  for  any  length  of 
time,  without  both  heart  and  arteries  participating,  and  affording 
us  unequivocal  signs  of  such  inflammation.  But  this  is  a  subject 
that  belongs  more  especially  to  pathology. 

The  ordinary  number  of  pulsations,  per  minute,  in  the  healthy 
adult  male,  is  from  seventy  to  seventy-five;  but  this  varies  greatly 
according  to  temperament  and  habit  of  life.  In  some  individuals, 
labouring  at  the  same  time  under  perfect  health,  the  number  of 
beats  is  singularly  slow.  The  pulse  of  a  person  known  to  the 
author,  was  on  the  average  thirty^six  per  minute;  and  Lizzari 
affirms,  Uiat  he  knew  a  person  in  whom  it  was  not  more  than  ten. 
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It  18  not  improbable,  however,  that  in  these  cases  obscure 
beats  may  have  taken  place  intermediately,  and  yet  not  have 
been  detected.  In  a  case  of  carditis,  in  which  the  author  felt 
great  interest,  the  pulse  exhibited  a  decided  intermission,  every 
few  beats,  yet  the  heart  beat  its  due  number  of  times;  the  inter- 
mission of  the  pulse  at  the  wrist  consisting  in  the  loss  of  one  of  the 
beats  of  the  heart.  It  was  not  improbable  but  that,  in  this  case, 
the  contractility  of  the  aorta  was  unusually  developed  by  the  in- 
flammatory condition  of  the  heart;  and  that  the  flow  of  blood  from 
the  ventricle  was  thus  diminished  or  entirely  impeded. 

The  pulse  of  the  female  is  usually  eight  or  ten  beats  in  a  minute 
quicker  than  that  of  the  male.  In  infancy,  it  is  extremely  rapid, 
and  gradually  becomes  slower  until  old  age.  It  is  of  course,  im- 
possible to  arrive  at  any  accurate  estimate  of  the  comparative  fre- 
quency at  different  ages,  but  the  average  of  the  following  numbers, 
on  the  authority  of  nsBEBDEir  and  Soemmebing,  may  be  regarded 
as  approximations. 


Ag«i. 

Number  of  Beats  per  minute, 
according  to 

At  birth, 

One  month,         .        -        .        - 
One  year,             -        -        .        - 
Two  years,          -        -        .        - 
Three  years,        .        -        -        - 
Seven  years,        .        -        -        . 
Twelve  years,     - 

Puberty, 

Adult, 

Old  age, 

Hebbbdbn. 
ISO  to  140 

120 

120  to  108 

108  to    90 

90  to     80 

72 

70 

SOXMMEBINO. 

Do. 

120 

110 

90 

80 
70 
60 

Lastly,  the  chief  uses  of  the  circulation  are, — to  transmit  to  the 
lungs  the  products  of  absorption,  in  order  that  they  may  be  con- 
verted into  arterial  blood;  and,  afterwards,  to  convey  to  the  dif- 
ferent organs  this  arterial  blood,  which  is  not  only  necessary  for 
their  vitality,  but  is  the  fluid  dn  which  the  different  processes  of 
nutrition,  cdorification  and  secretion  are  effected.  These  functions 
will  engage  us  next  We  may  remark,  in  conclusion,  that  the 
agency  of  the  blood,  as  the  cause  of  health  or  insalubrity,  has  had 
greater  importance  assigned  to  it  than  it  merits;  and  that  although  it 
may  be  the  medium  by  which  the  source  of  disease  is  conveyed  to 
other  organs,  we  cannot  look  to  it  as  the  seat  of  those  taints  which 
are  commonly  referred  to  it  **  Upon  the  whole,'*  says  Dr.  Good, 
^  we  cannot  but  regard  the  blood  as,  in  many  respects,  the  most  im- 
portant fluid  of  the  animal  machine;  from  it  all  the  solids  are  derived 
and  nourished,  and  all  the  other  fluids  are  secreted;  and  it  is  hence 
the  basis  or  common  pabulum  of  every  part  And  as  it  is  the  source 
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of  general  healthy  ao  it  ia  alao  of  general  diseaae.  la  ioflammatfoD, 
it  takaa  a  considerable  share,  and  evinces  a  peculiar  appearance. 
The  miasms  offerers  and  exanthema  are  harmless  to  every  part  of 
the  system,  and  only  become  mischievous  when  they  reach  the 
blood;  and  emetic  tartar,  when  introduced  into  the  jugular  vein, 
will  vomit  in  one  or  two  minutes,  although  it  might  require,  per- 
haps, half  an  hour  if  thrown  into  the  stomach,  and  in  fact  does  n<^ 
vomit  till  it  has  reached  the  circulation.  And  the  same  is  true  of 
opium,  jalap  and  most  of  the  poisons,  animal,  minend  and  vegeta- 
ble. Ii  imperfectly  elaborated,  or  with  a  disproportion  of  some  of 
its  constituent  principles  to  the  rest,  the  whole  system  partakes  of 
the  evil,  and  a  dysthesis  or  morbid  habit  is  the  certain  consequence; 
whence  tabes,  atrophy,  scurvy,  and  various  species  of  gangrene. 
And  if  it  be6ome  once  impregnated  with  a  peculiar  taint,  it  is  won- 
derful to  remark  the  tenacity  wkh  which  it  retains  it,  though  often 
in  a  state  of  dormancy  and  inactivity  for  years  or  even  entire  gene- 
rations. For  as  every  germ  and  fibre  of  every  other  part  is  formed 
and  regenerated  from  the  blood,  there  is  no  other  part  of  the  sys- 
tem, that  we  can  so  well  look  to  as  the  seat  of  such  taints,  or  the 
predisposing  cause  of  the  disorders  I  am  now  alluding  to;  often 
•orporeal,  as  gout,  struma,  phthisis;  sometimes  mental,  as  mad- 
ness; and  occasionally  both,  as  cretinism. '' 

This  picture  is  largely  overdrawn.  Setting  aside  the  patholo- 
gical allusions,  which  are  erroneous  in  assigning  to  the  blood  what 
properly  belongs  to  the  capillaries,  how  can  we  suppose  a  taint 
to  continue  for  years,  or  even  entire  generations,  in  a  fluid  which 
is  perpetually  undergoing  renovation,  and,  at  no  distant  intervals, 
cannot  be  presumed  to  have  one  of  its  quondam  particles  remaining 

If  all  hereditary  diseases  were  derived  from  the  mother,  we 
could  better  comprehend  this  doctrine  of  taints;  inasmuch  as, 
during  the  whole  of  foetal  existence,  she  transmits  the  pabulum 
for  the  support  of  her  offspring:  the  child  is,  however,  equally 
liable  to  receive  the  taint  from  the  father,  who  supplies  no  pabulum, 
but  merely  a  secretion  from  the  blood  at  a  fecundating  copulation,  and 
from  that  moment  cannot  exert  any  influence  upon  the  character  of 
his  progeny.  The  impulse,  then,  to  this  or  that  organization,  or 
conformation,  must  be  given  frotn  the  moment  of  union  of  the 
particles,  furnished  by  each  parent  at  a  fecundating  intercourse;  and 
it  is  probable,  that  no  subsequent  influence  is  exerted  even  by  the 
mother.  She  affords  the  pabulum,  but  the  embryo  accomplishes 
its  own  construction,  as  independently  of  the  parents  as  the  chick 
in  ovo. 

The  operation  of  trana/usiouj — as  well  as^  the  infusUm  of  me- 
dicinal agents, — was  adduced  to  prove  the  course  of  the  circulation 
to  be  from  the  arteries  into  the  veins.  Both  these  operations  were 
suggested  by  the  discovery  of  Harvey.  The  former,  more  especially, 
was  looked  upon  as  the  means  of  curing  all  diseases,  and  of  reno- 
vating the  aged,  ad  libitum.  The  cause  of  every  disease  and  decay 
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WM  presumed  to  reside  in  the  blood;  and,  consequently,  all  that 
was  conceived  to  be  necessary  was  to  remove  the  faulty  fluid,  and 
to  substitute  pure  blood,  obtained  from  a  healthy  animal,  in  its 
place. 

As  a  remedial  agent,  the  history  of  this  operation  does  not  belong 
to  physiology.  The  detail  of  the  fluctuation  of  opinions  regarding 
it,  and  its  total  disuse,  are  given  at  some  length  in  the  Histories  of 
Medicine,  to  which  we  must  refer  the  reader. 

Becently,  it  has  been  revived  by  Dr.  Blundell,  of  London, 
and  by  MM.  Prsvost  and  Duhas;  the  first  of  whom  has  em* 
ployed  it,  and  apparently  with  happy  efiects,  in  extensive  uterine 
hemorrhage*  All  these  gentlemen  remark,  that  it  can  only  be 
adopted,  with  perfect  safety,  in  animals  of  like  kinds;  or  in  those^ 
the  globules  of  whose  blood  are  of  similar  configuration. 

The  introduction  of  the  practice  of  infusing  m^icinal  agents  into 
the  blood  was  coeval  with  that  of  transfusion.  Both,  indeed,  are 
affirmed  to  have  been  commenced  in  1657,  at  the  suggestion  of  Sir 
CHBiSTOPfisa  Wrxn.  Dr.  E.  Hale,  Junr.  of  Boston,  has  published 
an  interesting  pamphlet  on  this  subject,  comprising  the  Bovlston 
Medical  Prize  Dissertations,  for  the  years  1819  and  1821.  In  this 
he  traces  the  history  of  the  operation,  and  details  several  interesting 
experiments  upon  animals;  and  one  upon  himself,  which  consisted 
in  the  introduction  of  a  quantity  of  castor  oil  into  the  veins. 

It  is  a  singular  fact,  that,  in  cases  of  infusion,  medicinal  sub- 
stances are  found  to  exert  their  specific  actions  upon  certain  parts 
of  the  body,  precisely  in  the  same  manner  as  if  they  had  been  re- 
ceived into  the  stomach.  Tartar  emetic,  for  example,  vomits,  and 
castor  oil  purges,  not  only  as  certainly,  but  with  much  greater 
speed;  for  whUst  the  former  requires  to  be  in  the  stomach  for  fif- 
teen or  twenty  minutes,  before  vomiting  is  excited,  it  produces  its 
eflfect  in  one  or  two  minutes,  when  thrown  into  the  veins. 

In  Dr.  Hale's  experiment  upon  himself,  he  did  not  experience 
much  inconvenience  immediately  after  the  injection;  but  very 
q>eedily  he  felt  an  oily  taste  in  the  mouth,  which  continued  for  a 
length  of  time,  and  the  medicine  acted  powerfully  as  a  cathartic 

Considerable  difficulty  was  experienced  in  the  introduction  of 
the  oil,  to  which  circumstance  Masendie  ascribes  Dr.  Hale's 
safety;  for  it  is  found,  by  experiments  on  animals,  that  viscid  fluids, 
such  as  oil,  are  unable  to  pass  through  the  pulmonary  capillaries; 
in  consequence  of  which  the  circulation  is  arrested  and  death  fol- 
lows. Such  also  appears  to  have  been  the  result  of  the  experi- 
ments of  Dr.  Hale  with  powdered  substances. 

The  injection  of  medicines  into  the  veins  is  largely  practised 
at  the  Veterinary  School  of  Copenhagen,  and  with  complete  suc- 
cess,—4he  action  being  incomparably  more  speedy,  and  the  dose 
required  much  less.  It  is  rarely  employed  by  the  physician,  ex- 
cept in  his  experiments  on  animals;  but  it  is  obvious,  that  it  might 
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be  bad  recourse  to,  with  happy  efiecta,  where  narcotic  and  other 
poisons  have  been  taken,  and  where  the  mechanical  means  for  their 
removal  are  not  at  hand. 

It  was  the  opinion  of  Bichat,  that  if  a  bubble  of  air  accidentally 
enters  the  yeins,  it  causes  sudden  death;  but  the  experiments  of 
NrsTEM  and  Maoendis  have  shown,  that  if  it  be  introduced 
slowly,  no  unfortunate  event  need  be  apprehended.  When  forced 
in  rapidly,  the  respiration  speedily  becomes  remarkably  accele- 
rated; a  peculiar  noise  is  heard  in  the  chest,  produced  by  the  agita- 
tion of  the  air  in  the  ven»  cavae,  right  auricle  and  ventricle,  and 
Eulmonary  artery;  and  the  animal  soon  expires.  Dissection  exhi- 
its  the  heart,  and  especially  its  right  side,  with  the  pulmonary 
artery,  forcibly  distended  with  air,  or  with  a  slightly  sanguineous 
foam,  which  is  almost  wholly  composed  of  air.  Air  is  also  found 
in  the  cellular  tissue  of  the  lung,  producing  emphysema  of  the 
organ,  and  in  the  arteries  of  the  whole  of  the  body,  especially  in 
those  of  the  brain. 

The  mortal  effects  from  the  sudden  introduction  of  air  into  the 
veins,  in  extensive  injuries  of  the  neck,  have  been  already  referred 
to.  At  the  moment  of  inspiration  the  air  is  drawn  into  the  vein; 
the  noise  is  heard  in  the  heart,  as  in  the  experiment  just  detailed, 
and  the  animal  quickly  dies. 

Magsndib  remarks,  that  some  animals  will  admit  enormous 
quantities  of  air  into  the  veins  without  perishing,  and  he  instances 
the  case  of  a  horse,  into  whose  veins  he  pushed,  as  rapidly  and 
forcibly  as  he  was  able,  forty  or  fifty  pints  of  air  without  occa- 
sioning immediate  death,  although  the  animal  ultimately  expired. 

In  concluding  this  subject,  a  brief  allusion  to  the  circulatory  ap- 
paratus of  other  parts  of  the  animal  kingdom  may  be  interesting 
and  instructive. 

In  the  mammalia^  in  general,  the  inner  structure  of  the  heart 
is  the  same  as  in  man,  but  its  situation  differs  materially ;  and,  in 
some  of  them,  as  in  the  stag  and  pig,  two  small  fiat  bones,  called 
bones  of  the  heart,  exist,  where  the  aorta  arises  from  the  left  ven- 
tricle. In  the  amphibious  mammalia  and  the  cetacea,  it  has  been 
supposed  that  the  foramen  ovale,  situated  in  the  septum  between 
the  auricles,  is  open  as  in  the  human  foetus,  to  allow  those  animals 
to  pass  a  considerable  time  under  water  without  breathing ;  but 
the  observations  of  BLnMENBACH,CuviEB,  and  others  seem  to  shot^, 
that  it  is  almost  always  closed.  Sir  Evebabd  Home  found  it  open 
in  the  sea  otter,  in  two  instances;  but  these  are  regarded  by  natu- 
ralists as  exceptions  to  the  general  rule. 

In  several  of  the  web-footed  mammalia  and  cetacea,  as  in  the 
common  otter,  the  sea  otter,  and  the  dolphin,  particular  vessels  are 
found  to  be  always  greatly  enlarged  and  tortuous; — a  structure 
which  has  been  chiefiy  noticed  in  the  vena  cava  inferior,  and 
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which  18  supposed  to  serve  the  purpose  of  a  diverticulum,  whilst 
the  animal  is  under  water,  or  to  receive  a  part  of  the  returning 
blood,  and  to  retain  it  until  respiration  can  be  resumed. 

In  bircby  the  structure  of  the  heart  universally  possesses  a  singu- 
lar peculiarity.  Instead  of  the  right  ventricle  having  a  mem- 
branous valve,  as  in  the  left,  and  as  in  all  the  mammalia,  it  is  pro- 
vided with  a  strong,  tense,  and  nearly  triangular  muscle,  which 
aids  in  the  propulsion  of  the  blood  from  the  right  side  of  the  heart 
into  the  lungs.  This  is  presumed  to  be  necessary,  in  consequence 
of  their  lungs  not  admitting  of  expansion  like  those  of  the  mam- 
malia, and  of  their  being  connected  with  numerous  air-cells. 

The  heart  of  the  reptiles  or  amphibia  in  general  consists  either 
of  only  one  ventricle,  or  of  two  ventricles,  which  freely  communi- 
cate, so  as  essentially  to  constitute  but  one. '  The  number  of  auri- 
cles always  corresponds  with  that  of  the  ventricles.  That  the  ca- 
vities— auricular  or  ventricular — are,  however,  single,  although  ap- 
parently double,  is  confirmed  by  the  fact,  thal^  in  all,  there  is  only 
a  single  artery  proceeding  from  the  heart,  which  serves  both  for 
the  pulmonic  and  systemic  circulations.  After  this  vessel  has  left 
the  heart,  it  divides  into  two  branches,  by  one  of  which  a  part  only 
of  the  blood  is  conveyed  to  the  lungs,  whilst  the  other  proceeds  to 
the  different  parts  of  the  body.  These  two  portions  are  united  in 
the  heart,  and  after  being  mixed  together,  are  sent  again  through 
the  great  artery. 

In  these  animals,  therefore,  aeration  is  obviously  less  necessary 
than  in  the  higher  classes ;  and  we  can  thus  understand  many  of 
their  peculiarities ;  how  the  circulation  may  continue,  when  the 
animd  is  so  situated  as  to  be  incapable,  for  a  time,  of  respiration; 
and  the  great  resistance  to  ordinary  deranging  influences,  by  which 
they  are  characterized. 

In  fislusy  the  heart  is  extremely  small,  in  proportion  to  the 
body;  and  its  structure  is  simple;  consisting  of  a  single  auricle 
and  ventricle.  From  the  ventricle,  an  arterial  trunk  arises,  which, 
in  most  fishes,  is  expanded  into  a  kind  of  bulb,  as  it  leaves  the 
heart,  and  proceeds  straight  forward  to  the  branchiss  or  gilb. 
From  these,  the  blood  passes  into  a  large  artery,  analogous  to  the 
aorta,  which  proceeds  along  the  spine,  and  conveys  the  blood  to 
the  various  parts  of  the  system ;  and,  by  the  vense  cavse,  the  blood 
is  returned  to  the  auricle.  This  is,  consequently,  a  case  of  single 
circulation. 

Insects  appear  to  be  devoid  of  blood-vessels.  Cuvier  examined 
all  the  organs  in  them,  which,  in  red-blooded  animals,  are  most 
vascular,  without  discovering  the  least  appearance  of  a  blood-ves* 
«el,  although  extremely  minute  ramifications  of  the  tracheae  were 
obvious  in  every  part.  Insects,  however,  both  in  their  perfect  and 
larva  state,  have  a  membranous  tube,  running  along  the  back,  in 
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which  alternate  dilatatioos  and  contractioos  are  perceptible ;  and 
which  has  beea  considered  as  their  heart ;  but 
Fig.  118.  ii  [g  closed  tt  both  enda,  and  no  vessels  can  be 
perceived  to  originate  irota  it.  To  this  the  in- 
Qumerable  ramifications  of  the  trachea  convey 
the  air,  and  thna,  aa  CtnriKR  has  remarked, — 
"  le  sang  ne  pouTant  aller  chercher  Pair,  c'est 
I'atr,  qui  va  chercher  le  sang;"  ("the  blood 
not  being  able  to  go  in  search  of  air — the  air 
seeks  the  blood. ") 

Lastly,  in  many  genera  of  the  class  vertnet, 
particularly  amongst  the  molluscous  and  testa- 
ceous animals,  there  is  a  manifest  heart,  which 
is  sometimes  of  a  singular  structure.  Soiae  of 
the  bivalves  are  affirmed  to  have  as  many  as 
four  auricles; 'whilst  many  animals,  as  the 
leech,  lAimbrieus  marinua,  have  no  heart ;  bnt 
circulating  vessels  exist,  in  which  contraction 
and  dilatation  are  perceptible. 

The  marginal  figare  of  the  interira-  of  a  leech, 

as  given  by  Sir  Etsrasd  Hokx,  will  exhibit 

the  mode  of  circulation  and  respiration  in  that 

animal.     There  is  no  heart,  but  a  large  vessel 

a-  Rnirini«T«UL-4  4  ""  ^^^  ■'^^  °^  *^^  animal.     The  water  is  re- 


qc^Mo^ceived,  through  openings  in   the  belly,  into 

- "tndelS^tl 

2^^^-f-  •^-'■through  the  « 


Hcied  with  ibe  t«6ein.-tne  ceUfl  Of  respirttoiy  n^ns,  and  piaes  out 
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NUTRITION. 

Thb  investigation  of  the  phenomena  of  the  circnlation  hasexhi^ 
bited  the  mode  in  which  the  arterial  blood  is  distribated  over  the 
body,  in  minute  vessela,  not  appreciable  by  the  naked  eye,  or  even 
with  tiie  microseope,  but  so  numerous ,  that  it  is  impomble  for  the 
finest-pointed  instrument  to  be  forced  through  the  skin  without 
penetrating  one  and  perhaps  several.  We  have  seen,  likewise, 
that,  in  the  capillary  system  of  vessels,  this  arterial  blood  is  changed 
into  venous;  and  it  was  observed,  that,  in  the  same  system,  puis 
are  deposited  or  separated  from  the  blood,  and  certain  phenomena 
accompliahed,  into  the  nature  of  which  we  have  now  to  inquire ; 
beginning  with  those  of  nutritiony  which  comprise  the  incessant 
ebanges,  that  are  taking  plrce  in  the  body,  both  of  absorption  and  de- 
position, and  which  efiect  the  decomposition  and  renovation  of  each 
organ.  Nutrition  is  well-defined  by  Adblov  as  the  action,  by  which 
every  part  of  the  body,  on  the  one  hand,  appropriates  or  assimi- 
lates to  itself  a  portion  of  the  blood  distributed  to  it ;  and,  on  the 
other,  yields  to  the  absorbing  vessels  a  portion  of  the  materials 
that  previously  composed  it 

The  precise  chai«c(er  of  die  apparatus  by  which  this  impei*tant 
fimetion  is  aeeom|didied,  we  have  no  means  of  knowing.  All  ad- 
mit, however,  that  the  old  matter  must  be  taken  up  by  absorbents, 
•nd  the  new  be  deposited  by  arteries.  As  the  precise  arrange- 
ment of  these  minute  arteries  is  not  peroeptiUe  by  the  eye,  even 
when  aided  l^  powerful  instruments,  their  amm^oment  has  givte 
rise  to  mudi  controversy*  Whilst  some  have  imagMnd  lateral  pores 
fi[>r  the  transodatioD  of  Uie  nutritive  deposits,  oAers  have  presumed 
that  inconceivably  small  vessels  are  given  off  from  the  d^Hllary 
system,  which  constitute  a  distinct  oiSbr,  and  whose  fimctbn  it  is 
to  exhiJe  the  nutritive  substance.  Hcnee,  th^  have  been  termed 
ewhalanis  or  nutritive  exhalant$;  but  the  physiological  student 
must  bear  in  nund,  that  whenever  Uie  term  is  used  by  writers,  they 
do  not  always  pledge  themselves  to  die  existence  of  any  distinct 
set  of  vosicls,  but  merely  mean  the  capillary  vessel,  whatever 
may  be  its  naitnre,  ^Hiich  is  the  a^nt  of  nutrition,  and  sqiarates, 
from  the  Uood,  bone  where  bene  is  needed ;  muscle,  tendon,  ligpi- 
menl^&e.  as  the  ease  may  be. 

In  investigating  the  physiology  of  nutrition,  two  tq>ics  neces- 
sarfly  divide  omr  attention ;  1st,  The  action  of  decompoiitioHy  by 
wfai^  die  organ  yidds  to  the  absorbing  vessels  a  portion  of  its 
constituents;  and  2dly ,  The  action  oi  comporiHanj  by  which  the 
organ  assimilates  a  part  of  the  arterial  blood,  that  enters  it,  md 
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supplies  the  loss,  which  it  has  sustained  by  the  preyious  action  of 
decomposition. 

The  former  of  these  actions  obviously  belongs  to  the  function  of 
absorption;  but  its  physiology,  it  will  be  recollected,  was  de- 
ferred, in  consequence  of  its  close  application  to  the  function  we 
are  now  considering. 

It  comprises  what  is  meant  by  interstitial^  organic^  or  decom- 
posing absorption,  and  does  not  require  many  comments,  after 
the  long  investigation  of  the  phenomena  of  absorption,  into  which 
we  have  entered.  The  conclusion,  at  which  we  then  arrived,  was, 
— ^that  Uie  chyliferous  and  lymphatic  vessels  form  only  chyle  and 
lymph  respectively,  refusing  the  admission  of  all  other  substances; 
that  the  veins  admit  every  liquid  which  possesses  the  necessary 
tenuity;  and  that,  whilst  all  the  absorptions, — ^which  require  the 
substance  acted  upon  to  be  decomposed  and  transformed,— are 
effected  by  the  chyliferous  and  lymphatic  vessels,  those  that  de- 
mand no  alteration  are  accomplished  through  the  coats  of  the  veins 
directly  by  imbibition. 

It  is  easy,  then,  to  deduce  the  agents  to  which  we  refer  the  ab- 
sorption of  decomposition.  As  it  is  exerted  on  solids,  and  as  these 
cannot  pass  through  the  coats  of  the  vessels  in  their  solid  condition, 
it  follows,  that  other  agents  than  the  veins  must  accomplish  the 
process;  and,  again,  as  we  never  find  in  the  lymphatic  vessels  any 
thing  but  lymph,  and  as  we  have  every  reason  to  believe,  that  an 
action  of  selection  is  exerted  at  their  extremities,  similar  to  that  of 
the  chyliferous  vessels  on  the  heterogeneous  substances  exposed  to 
them,  we  naturally  look  to  the  lymphatics  as  the  sole  organs  con- 
cerned in  the  absorption  of  solids. 

In  making  this  affirmation,  we  leave  unexplained  the  mysterious 
operation  by  which  these  vessels  are  enabled  to  reduce  to  their 
elements,  bone,  muscle,  tendon,  &c,  and  to  recompose  them  into 
the  form  of  lymph.  Dr.  Bostook  fancifully  suggests,  that  the  first 
step  in  this  series  of  operations,  is  the  deaih  of  the  part,  by  which 
expression  he  means,  that  it  is  no  longer  under  the  influence  of  ar- 
terial action.  ^It  therefore  ceases  to  receive  the  supply  of  matter 
which  is  essential  to  the  support  of  all  vital  parts,  and  the  process 
of  decomposition  necessarily  commences.''  The  whole  of  his  re- 
marks on  this  subject  are  eminently  gratuitous,  and  are  manifestly 
suggested  by  his  extreme  unwillingness  to  ascribe  the  process  to 
any  thing  but  physical  causes.  If  there  is,  however,  any  one  phe- 
nomenon of  the  animal  economy,  which  is  more  manifestly  refer- 
able to  vital  action  than  another,  it  is  the  whole  function  of  nutri- 
tion, both  as  regards  the  absorption  of  parts  already  deposited^  and 
the  exhalation  of  new;  and  it  is  wise  to  confess  our  utter  ignorance 
of  the  mode  in  which  it  is  accomplished.  We  know  that  &e  blood 
<M>ntains  most  of  the  principles  that  are  necessary  for  the  nutrition 
of  organs,  and  that  it  must  contain  the  elements  of  all.  Fibrine, 
albumen^  fat,  osmazome,  salts,  &c  exist  in  it,  and  these  are  depo* 
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sited,  as  the  blood  trayerses  the  tissues ;  but  whj  one  should  be 
selected  by  one  set  of  vessels,  as  by  the  exhalants  of  bone,  and 
another  by  another  set,  and  in  what  manner  the  elements  of  those^ 
not  ready  formed  in  the  blood,  are  brought  together,  is  totally  un- 
known to  us.  Blood  has  been  designated  as  ^^  liquid  flesh,'' — 
chair  coufon/e,-*but  something  more  than  simple  transudation 
through  vessels  is  necessary  to  form  it  into  flesh,  and  to  give  it 
the  compound  organization  of  fibrine,  gelatine,  osmazome,  &c.  in 
the  form  of  muscular  fibre  and  cellular  membrane,  which  we  ob- 
serve in  the  muscle. 

Nothing  perhaps  more  clearly  exhibits  our  want  of  knowledge 
on  the  subject  than  the  following  vague  attempt  at  solving  the 
mystery  by  one  of  the  most  distinguished  physiologists  of  the  age: 
»-<<  Some  immediate  principles,  that  enter  into  the  composition  of 
the  organs  or  of  the  fluids,  are  not  found  in  the  blood, — such  as 
gelatine,  uric  acid,  &c.  They  are  consequently  formed  at  the  ex- 
pense of  other  principles,  in  the  parenchyma  of  the  organs,  and  by 
a  chymical  action,  the  nature  of  which  is  unknown  to  us,  but  which 
is  not  the  less  real,  and  must  necessarily  have  the  efiect  of  develop- 
ing heat  and  electricity.'' 

It  is  the  action  of  nutrition,  that  occasions  the  constant  fluc- 
tuations in  the  weight  and  size  of  the  body,  from  the  earliest 
embryo  condition  till  advanced  life.  The  cause  of  the  develop- 
ment or  growth  of  organs  and  of  the  body  generally,  as  well 
as  of  the  limit,  accurately  assigned  to  such  development,  accord- 
ing to  the  animal  or  vegetable  species,  is  dependent  upon  vital 
laws  that  are  unfathomable,  and  which  the  endosmose  of  Dutro- 
CHET  is  little  calculated  to  explain.   Nor  are  we  able  to  detect  the 

Srecise  mode  in  which  the  growth  of  parts  is  efiected.  It  cannot 
e  simply  extension,  for  the  obvious  reason  that  the  body  and  its 
various  compartments  augment  in  weight  as  well  as  in  dimension. 
In  the  large  trees  of  our  forests,  we  find  a  fresh  layer  or  ring  add- 
ed each  year  to  the  stem,  until  the  full  period  of  development;  and 
it  has  been  supposed  that  the  growth  of  the  animal  body  may  be 
efiected  in  a  similar  manner,  both  as  regards  its  soft  and  harder 
materials,  that  is,  by  layers  deposited  externally.  That  the  long 
bones  lengthen  at  their  extremities  is  proved  by  an  experiment  of 
Mr.  Hunter.  Having  exposed  the  tibia  of  a  pig,  he  bored  a  hole 
into  each  extremity  of  the  shaft,  and  inserted  a  shot.  The  distance 
between  the  shot  was  then  accurately  taken.  Some  months  after- 
wards, the  same  bone  was  examined,  and  the  shots  were  found  at 
precisely  their  original  distance  from  each  other;  but  the  extremi- 
ties of  the  bone  bad  extended  much  beyond  their  first  distance  from 
the  shot 

The  flat  bones  also  increase  by  a  deposition  at  their  margins,  and 
the  long  bones  by  a  similar  deposition  at  their  periphery,— -circum- 
stances strongly  exhibiting  the  analogy  between  the  successive  de- 
velopment of  animals  and  vegetables. 
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Ezttrciae  or  rest,  freedom  from  or  preeence  of  preasure,  pro- 
duce augmentation  of  the  size  of  organs  or  the  contrary ;  and  there 
are  certain  medicines^  as  iodine,  which  occasion  the  emaciation  of 
particular  organs  only— as  of  the  female  mamme.  The  effect  of 
disease  is  likemse,  in  this  respect,  familiar  and  striking. 

The  ancients  had  noticed  the  changes  effected  upon  the  body  by 
the  function  we  are  considering,  and  attempted  to  estimate  the  pe- 
riod at  which  a  thorough  conversion  must  be  accomplished,  so  that 
not  one  of  its  quondam  constituents  shall  be  present  By  some, 
this  was  supposed  to  be  seven  years;  but  Bsrnouilli  reduced  it  to 
three.  It  is  hardly  necessary  to  say,  that,  in  such  a  calculation,  we 
have  nothing  but  conjecture  to  guide  us.  The  nutrition  of  the  body 
and  of  its  parts  varies,  indeed,  according  to  numerous  circumstances. 
It  is  not  the  same  during  the  period  of  growth  as  subsequently,  when 
Uie  absorption  and  deposition  are  balanced,  so  far  at  least  as  con- 
cerns the  augmentation  of  the  body  in  one  direction.  Particular 
organs  have,  likewise,  their  period  of  development,  at  which  time 
the  nutrition  of  such  parts  must  necessarily  be  more  active, — the 
organs  of  generation,  for  example,  at  the  period  of  puberty ;  the 
enlargement  of  the  mammae  in  the  female ;  the  appearance  of  the 
beard  and  the  amplification  of  the  larynx  in  the  male,  Ace, — and  all 
these  changes  occur  after  a  determinate  plan. 

The  activity  of  nutrition  appears  to  be  increased  by  exercise,  at 
least  in  the  muscular  organs;  hence  the  well-marked  muscles  of  the 
arm  in  the  prize-fighter,  of  the  legs  in  the  dancer,  &c.  The  mua- 
eles  of  the  nule  are,  in  general,  much  more  clewriy  defined ;  but 
the  difference  between  those  of  the  hard-working  female  and  of  the 
inactive  male  may  not  be  very  apparent 

There  are  several  textures  of  the  body  that  do  not  experience 
Butrition,  but,  when  once  deposited,  appear  to  remain  permanent- 
ly, such  as  the  epidermis,  the  nails,  the  teeth,  the  colouring  matter  of 
the  skin,  and,  it  is  presumed,  the  cartilages,— especially  the  inter- 
articular.  The  most  active  in  their  nutrition  are  the  glands,  mus- 
cles, and  skin,  which  alter  their  character — as  to  size,  colour  and 
consistence — with  great  rapidity;  whilst  the  tendons,  fibrous  mem- 
branes, bones,  &c.  are  much  less  so,  and  are  altered  more  sl6Wly 
by  the  effect  of  disease. 

A  practice  which  prevails  amonsst  certain  professions  and  people, 
would  seem  at  first  sight  to  show,  that  the  nutrition  of  the  skin 
cannot  be  energetic  Sailors  are  frequently  in  the  habit  of  forcing 
cunpowder  through  the  cuticle  with  a  pointed  instrument,  and  of 
nguring  the  initials  of  their  names  upon  the  arm  in  this  manner;  the 
particles  of  the  gunpowder  are  thus  driven  into  the  cutis  vera  and 
remain  for  life.  The  operation  of  tattooing^  or  of  puncturing  and 
staining  the  skin,  prevails  in  many  parts  of  the  globe  and  especially 
in  Polynesia,  where  it  is  looked  upon  as  greatly  ornamental.  The 
art  is  said  to  be  carried  to  its  greatest  perfection  in  the  Washington 
or  New  Marquesas  Islands;  where  the  wealthy  are  often  covered 


TATTOOIHe.  1419 

with  Taiiotu  designs  from  head  to  foot;  sabjectiog  thamselves  to  a 
mostpainfal  operation  for  this 

strange  kind  of  personal  deco'  Fig.  119. 

ration.  The  operation  consists 
in  puncturing  the  skin  with 
some    rude    iostntment,   ac- 
cording to  figures  previously 
traced  npon  it,  and  then  rub- 
bing into  the  punctures  a  thick 
dye,  frequently  composed  of  i 
the  ashes  of   the  punt  that  { 
furnishes  the  colouring  mat- 
ter.    The  marks,  thus  made, 
are     indelible.       MAGEimtE 
asks: — "How  can  we  reconcile 
this  phenomenon  with  the  re- 
noTation,  which,  according  to 
authors,"  (and,  he  might  have 
added,  according  to  himself,) 
"happens  to  the  skin?"     It 
does  not  seem  to  iis  to  be  in  any 
manner  connected    with  the 
nutrition  of  the  skin.     The 
colouring  matter  is  an  extra- 
neous substance,  which  takes  no  part  in  the  changes,  constantly 
going  on  in  the  tissue  in  which  it  is  imbedded;  and  the  circum- 
stance seems  to  afford  a  powerful  negative  argument  in  favour  of 
venous  absorption.     Had  the  substance  possessed  the  necessary 
tenuity  it  would  have  entered  the  veins  like  other  colouring  mat- 
ters; but  the  particles  are  too  gross  for  this,  and  hence  they  remain 
free  from  all  absorbent  influence. 
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CALORIFICATION,  OR  ANIMAL  TEMPERATURE. 

The  function,  we  have  now  to  consider,  is  one  of  the  most  im- 
portant to  organic  existence,  and  one  of  the  most  curious  in  its 
causes  and  results.  It  has,  consequently,  been  an  object  of  inte- 
resting examination  with  the  physiologist,  both  in  animals  and 
plants,  and  as  it  has  been  presumed  by  a  large  class  of  speculatists, 
to  be  greatly  owing  to  respiration,  it  has  been  ajavourite  topic  with 
the  chy  mist  also.  Most  of  the  hypotheses  devised  for  its  explanation 
have,  indeed,  been  of  a  chymical  character;  and  hence  it  will  be 
advisable  to  premise  a  few  observations  regarding  the  physical  rela- 
tions of  caloric  or  the  matter  of  heat, — an  imponderable  body, 
according  to  common  belief,  which  is  generally  distributed  through- 
out nature.  It  is  this,  which  constitutes  the  temperature  of  bodies, 
by  which  is  meant,  the  sensation  of  heat  or  cold  which  we  expe- 
rience, when  bodies  are  touched  by  us;  or  the  height  at  which  the 
mercury  is  raised  or  depressed  by  them,  in  the  instrument  called  the 
thermometer; — ^the  elevation  of  the  mercury  being  caused  by  the 
caloric  entering  between  its  particles,  and  thus  adding  to  its  bulk; 
and  the  depression  being  produced  by  the  abstraction  of  caloric. 

Caloric  exists  in  bodies  in  two  states;^n  the  free,  uncombined 
or  sensible,  and  in  the  latent  or  combined.  In  the  former  case,  it  is 
intimately  united  with  the  other  constituent  elements  of  bodies, 
and  is  neither  indicated  by  the  feeling  nor  by  the  thermometer.  It 
has,  consequently,  no  agency  in  the  temperature  of  bodies;  but, 
by  its  proportion  to  the  force  of  cohesion,  it  determines  their  con- 
dition;— ^whether  they  shall  be  solid,  liquid  or  gaseous.  In  the 
latter  case,  caloric  is  simply  intetposed  between  the  molecules,  and 
is  incessantly  disengaged,  or  abstracted  from  surrounding  bodies; 
and,  by  impressing  the  surface  of  the  body  or  by  acting  upon 
the  thermometer,  it  indicates  to  us  their  temperature. 

Equal  weights  of  the  same  body,  at  the  same  temperature,  con- 
tain the  same  quantities  of  caloric;  but  equal  weights  of  different 
bodies,  at  the  same  temperature,  have  by  no  means  the  same  quan- 
tities. The  quantity,  which  one  body  contains,  compared  with 
that  in  another  is  called  its  specific  caloric,  or  specific  heat;  and 
the  power  or  property,  which  enables  bodies  to  retain  different 
quantities  of  caloric,  is  called  capacity  for  caloric.  If  a  pound 
of  water,  heated  to  156%  be  mixed  with  a  pound  of  quicksilver  at 
40%  the  resulting  temperature  is  152% — instead  of  98%  the  exact 
mean.  The  water,  consequently,  must  have  lost  four  degrees  of 
temperature^  and  the  quicksilver  gained  112%  from  which  we  de- 
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duce,  that  the  quantity  of  caloric,  capable  of  raising  one  pound  of 
mercury  from  40^  to  152^  is  the  same  as  that  required  to  raise  one 
pound  of  water  from  15£^  to  156^;  or,  in  other  words,  that  the 
same  quantity  of  heat,  which  raises  the  temperature  of  a  pound  of 
water  four  degrees,  raises  the  same  weight  of  mercury  one  hun- 
dred and  twelve  degrees.  Accordingly,  it  is  said,  that  the  capacity 
of  water  for  heat  is  to  that  of  mercury,  as  28  to  1;  and  that  the 
specific  heat  is  twenty-eight  times  greater. 

All  bodies  are  capable  of  giving  and  taking  free  caloric,  and,  con- 
sequently, all  have  a  temperature.  If  the  quantity  eiven  off  be 
great,  the  temperature  of  the  body  is  elevated.  If  it  take  heat 
nt>m  the  thermometer,  it  is  cooler  than  the  instrument 

In  inorganic  bodies  the  disengagement  of  caloric  is  induced  by 
various  causes;  such  as  electricity,  friction,  percussion,  compres- 
sion, the  change  of  condition  from  a  fluid  to  a  solid  state;  and  by 
various  chymical  changes,  giving  rise  to  new  compounds,  so  that 
the  caloric,  which  was  previously  latent,  becomes  free.  If,  for 
example,  two  substances,  each  containing  a  certain  amount  of  spe- 
cific heat,  unite,  so  as  to  form  a  compound  whose  specific  heat  is 
less,  a  portion  of  caloric  must  be  set  free,  and  this  will  be  Indicated 
by  a  rise  in  the  temperature.  It  is  this  principle  which  is  chiefly 
concerned  in  some  of  the  theories  of  calorification  that  have  been 
proposed.  The  subject  of  the  equilibrium  and  conduction  of  calo- 
ric has  already  been  treated  of,  under  the  sense  of  touch;  where 
several  other  topics  are  discussed,  that  bear  more  or  less  upon  the 
present  inquiry.  It  is  there  stated,  that  inorganic  bodies  speedily 
attain  the  same  temperature,  either  by  radiation  or  conduction;  so 
that  the  different  objects,  in  an  apartment,  will  exhibit  tiie  same 
degree  of  heat  by  the  thermometer.  The  temperature  of  animals, 
however,  being  a  vital  operation  they  retain  the  degree  of  heat 
peculiar  to  them,  with  but  little  modification  from  external  tempe- 
rature. There  is  a  difference,  however,  in  this  respect,  su£Scient  to 
cause  the  partition  of  animals  into  two  great  divisions — the  warm- 
blooded  and  the  cold-blooded;  the  former  comprising  those  animals^ 
whose  temperature  is  high,  and  but  little  influenced  by  that  of  ex- 
ternal objects; — the  latter  those  whose  tenbperature  is  greatly  mo- 
dified by  external  influences.  The  range  of  the  temperature  of  the 
warm-blooded — amongst  which  are  all  Uie  higher  animals — ^is  limit- 
ed; but  of  the  cold-blooded  extensive. 

The  following  Table  exhibits  the  peculiar  temperature  of  various 
animab  in  round  numbers ; — that  of  man  being  98^  or  100^. 
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AviMALf. 


Obsenren. 


Temperature. 


Arctic  fox,       ... 
Arctic  wdf,    .... 
Squirrelf         .... 
Hare,      .... 
Whale,  .        .       .       - 
Arctomys  citilliis,  zizil,*-in  summer, 

Do.    when  torpid,     - 
Bat,  in  summer,      -        -        - 

Musk, 

Marmotabobac — ^Bobac,  - 
House  mouse,  ... 

Arctomjs   marmota,    marmot, 
summer,  .... 

Do.      when  torpid 
Rabbit,   -       -        -       - 

Dog, 

Cat, 

Swine, 

Sheep, 

Ox,         ..... 
Guinea-pig,     ..... 
Arctomys  glis,         .        .        -        , 

Shrew, 

Toungwolf,    .        -        .        .        . 
Fringula  arctica,  Arctic  finch, 
^b^ola,  redbreast 
Fringilla  linaria,  lesser  red  poll, 
Falco  palumbarius,  goshawk,   - 
Caprimnlgus   Europaeus,   European 

goat-sucker,         ... 
Emberiza  nivdis,  snow  bunting 
Falco  lanarius,  lanner,    - 
Fringilla  carduelis,  goldfinch, 
Tetrao  perdrix,  par&idge. 
Anas  cl  jpeata,  snoveler, 
Tringa  pu^nax,  ruffe, 
Scolopax  limosa,  lesser  godwit, 
Tetrao  tetrix,  grouse, 
Fringilla  brumalis,  winter  finch, 
Loxia  pyrrhula,       -        -        - 
Falco  nisus,  sparrowhawk, 
Yultur  barbatus,      ... 
Anser  pulchricoUis, 
Coljmbus  auritus,  dusky  srebe, 
Tringa  vanellus,  lapwing,  (wounded) 
Tetrao  laeopus,  ptarmigan, 
Fringilla  Qomestica,  house  sparrow. 


1 


m 

} 


Capt  Lton. 

Do. 
Pallas  • 

Do. 

soorbsbt. 

Pallas. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

DblaRochx, 

Martinb. 

Do. 

Do. 

Do. 

Do. 

De  LA  Roche. 

Pallas. 

Do. 

Do. 

Bravn. 

Pallas. 

Do. 

Do. 

Do. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


107 
105 

104 

103 
80  to  84 
102 
102 
101  or  10£ 
101 

101  or  102 

43 
100  to  104 


100  to  103 

100  to  102 

99 

98 

96 

111 

111 
110  or  111 

110 

109  or  110 

109 


108 


lor 
lor  to  111 
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(Table  Continued.) 


AWULLLB, 

Strix  pftsserina,  little  owl, 
Hsematopus  ostralegus,  sea  pie 
Anas  penelope,  wigeon, 
Anas  strepera,  gadwall,   - 
Pelecanus  carbo, 
Faico  ossifragus,  sea  eagle, 
Fulica  atra,  coot,/    - 
Anas  acuta,  pintail  duck, 
Falco  milrus,  kite,  (wounded) 
Merops  apiaster,  bee  eater. 

Goose, 

Hen, 

Dove, 

Duck, 

Ardea  stellaris, 

Fulco  albicollis, 

Picus  major,    -        -        .        . 

Cossus  ligniperda,    - 

Shark, 

Torpedo  marmorata, - 


Obsenrers. 

Temperature. 

Pallas. 

Do. 

Do. 

106 

Do. 

Do. 

Do. 

Do. 

105 

Do. 

Do. 

Do. 

104 

Martine. 

Do. 
Do. 

103  to  107 

Do. 

Pallas. 

Do. 

103 

Do. 

SOHULTZE. 

89  to  91 

Davt. 

83 

Rudolph  I. 

74 

According  to  the  table,  it  will  be  observed,  that  the  inhabitants 
of  the  Arctic  regions,  whether  belonging  to  the  class  of  mammalia 
or  birds,  are  amongst  those  whose  temperature  is  highest  That  of 
the  Arctic  fox  is,  indeed,  probably  higher  than  the  amount  given 
in  the  table,  being  taken  after  death,  when  the  temperature  of  the 
air  was  as  low  as  — -  14^  of  Fahrenheit,  and  when  loss  of  heat 
may  be  supposed  to  have  taken  place  rapidly. 

The  temperature  of  the  smaller  insects  it  is,  of  course,  impractica- 
ble to  indicate;  but  we  can  arrive  at  an  approximation  in  those  that 
congregate  in  masses,  as  the  bee  and  the  ant;  for  it  is  impossible  to 
suppose  with  Maraldi,  that  the  augmented  temperature  is  depen- 
dent upon  the  motion  and  friction  of  the  wings  and  bodies  of  the 
bu^  multitudes. 

JncH  found  that,  when  the  temperature  of  the  atmosphere  was 
—  18^  of  Fahrenheit,  that  of  a  hive  of  bees  was  44^;  and,  in  an 
ant-hill,  the  thermometer  stood  at  68^  or  70^,  when  the  tempera- 
ture of  the  air  was  55° ;  and  at  75^,  when  that  of  the  air  was  66^. 

The  power  of  preserving  their  temperature  within  certain  limits 
is  not^  however,  possessed  exclusively  by  animals.  The  heat  of 
a  tree,  examined  by  Mr.  Hunter,  was  found  to  be  always  seve- 
ral degrees  higher  than  that  of  the  atmosphere,  when  the  tem- 
perature of  the  air  was  below  56^  of  Fahrenheit  ;  but  it  was 
always  several  degrees  below  it  when  the  weather  was  warmer. 
Some  plants  develope  a  considerable  degree  of  heat,  during  the  pe- 
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nod  of  blooming.  This  was  first  noticed  by  Lamarck  in  the  Arufn 
italicum.  In  the  •drum  cordifolium  of  the  Isle  of  Bourbon,  Hu- 
bert found,  when  the  temperature  of  the  air  was  80°,  that  of  the 
spathe  or  sheath  as  high  as  134^ ;  and  Bort  De  St.  Vincent  ob- 
served a  similar  elevation,  although  to  a  less  degree,  in  the  Jirum 
esculentumf  esculent  arum  or  Indian  kale. 

The  animal  body  is  so  far  influenced  by  external  heat,  as  to  rise 
or  fall  with  it;  but  the  range,  as  we  have  already  remarked,  is 
limited  in  the  warm-blooded  animal ;  more  extensive  in  the  cold* 
blooded.  Dr.  Currie  found  the  temperature  of  a  man,  plunged  into 
sea-water  at  44°,  sink  in  the  course  of  a  minute  and  a  half  after  im- 
mersion, from  98°  to  87° ;  and,  in  other  experiments,  it  descended 
as  low  as  85°,  and  even  as  83°.  It  was  always  found,  however, 
that,  in  a  few  minutes,  the  heat  approached  its  previous  elevation; 
and,  in  no  instance,  could  it  be  depressed  lower  than  83°,  or  15^  • 
below  the  temperature  at  the  commencement  of  the  operation.  Si- 
milar experiments  have  been  performed  on  other  warm-blooded 
animals.  Hunter  found  the  temperature  of  a  common  mouse ' 
to  be  99°,  when  that  of  the  atmosphere  was  60° ;  but  when  the  same 
animal  was  exposed  for  an  hour  to  an  atmosphere  of  15°,  its  heat 
had  sunk  to  83°;  but  the  depression  could  be  carried  no  farther. 
He  found,'' also,  that  a  dormouse,  whose  heat  in  an  atmosphere  at 
64°  was  81i°,  when  put  into  air,  at  20°,  had  its  temperature  raised, 
in  the  course  of  half  an  hour,  to  93°;  an  hour  after,  the  air  being 
at  30°,  it  was  still  93° ;  another  hour  after,  the  air  being  at  19°,  the 
heat  of  the  pelvis  was  as  low  as  83°, — an  experiment,  which  strongly 
proves  the  great  counteracting  influence  exerted,  when  animals  are 
exposed  to  an  unusually  low  temperature.  In  this  experiment,  the 
dormouse  had  maintained  its  temperature  about  70°  higher  than 
that  of  the  surrounding  medium,  and  for  the  space  of  two  hours 
and  a  half. 

In  the  hybernating  torpid  quadrupeds  the  reduction  of  tempe- 
rature, during  their  torpidity,  is  considerable.  Jenner  found  the 
temperature  of  a  hedge-hog,  in  the  cavity  of  the  abdomen,  tolvards 
the  pelvis,  to  be  95^,  and  that  of  the  diaphragm  97^  of  Fahren- 
heit, in  summer,  when  the  thermometer  in  the  shade  stood  at 
78*^  5  whilst  in  winter,  the  temperature  of  the  air  being  44*^,  and 
the  animal  torpid,  the  heat  in  the  pelvis  was  45^,  and  of  the  dia- 
phragm 48J®.  When  the  temperature  of  the  atmosphere  was  at 
26°,  the  heat  of  the  animal,  in  the  cavity  of  the  abdomen,  where  an 
incision  was  made,  was  reduced  as  low  as  30°;  but,  what  singularly 
exhibits  the  power  possessed  by  the  system  of  regulating  its  tem- 
perature, when  the  same  animal  was  exposed  to  the  cold  atmos* 
phere  of  26°,  for  two  days,  its  heat,  in  the  rectum,  was  raised  to 
93°,  or  67°  above  that  of  the  atmosphere.  At  this  time,  however, 
it  was  lively  and  active,  and  the  bed,  on  which  it  lay,  felt  warm. 

In  the  cold-blooded  animal,  we  have  equal  evidence  of  the  gene- 
ration of  heat     Hunter  found,  that  the  heat  of  a  v^er,  placed  in 
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a  vessel)  at  10^,  was  reduced  in  ten  minutes  to  37^;  in  the  next  ten 
minutes^  the  temperature  of  the  vessel  being  13^,  it  fell  to  35^; 
and  in  the  next  ten  minutes,  the  vessel  being  at  20^,  to  31^.  In 
frogs,  he  was  able  to  lower  the  temperature  to  31^ ;  but  beyond  this 
point  it  was  not  possible  to  lessen  the  heat,  without  destroying  the 
animal. 

In  the  Arctic  regions,  the  animal  temperature  appears  to  be 
steadily  maintained,  notwithstanding  the  intense  cold  that  prevails; 
and  we  have  already  seen,  that  the  animals  of  those  hyperborean' 
latitudes  possess  a  more  elevated  temperature  than  those  of  more 
genial  climes.  In  the  enterprizing  voyages,  undertaken  by  the  Bri- 
tish government  for  the  discovery  of  a  north-west  passage,  the 
crews  of  the  ships  were  frequently  exposed  to  a  temperature  of 
—  40®  or  — 50°  of  Fahrenheit's  scale;  and  the  same  thing  hap- 
pened during  the  disastrous  campaign  of  Russia  in  1812,  in  which 
so  many  of  the  French  army  perished  from  cold.  During  the  se- 
cond voyage  of  Captain  Parry,  the  following  temperatures  of  ani- 
mals, just  after  death,  were  taken  principally  by  Captain  Lton. 


Temperature  of  the 

1821. 

Animal. 

Atmosphere. 

Nov.    15. 

An  Arctic  fox 

- 

- 

1061° 

-     - 

—  14° 

Dec.  3. 

Do. 

- 

- 

lOlJ 

- 

—   5 

Do. 

- 

- 

100 

-     - 

—    3 

11. 

Do. 

- 

- 

lOli 

-     - 

21 

15. 

Do. 

- 

- 

99f 

-     - 

—  15 

17. 

Do. 

- 

- 

98 

- 

—  10 

19. 

Do. 

- 

- 

991 

- 

—  14 

1832. 

Jan.  3. 

Do. 

- 

- 

104i 

- 

—  23 

9. 

A  white  hare 

- 

- 

101 

- 

—  21 

10. 

An  Arctic  fox 

- 

- 

100 

-     - 

—  15 

17. 

Do. 

- 

- 

106 

-     - 

—  32 

24. 

Do. 

- 

- 

103 

m            M 

—  27 

Do. 

- 

- 

103 

- 

—  27 

Do. 

- 

- 

102 

- 

—  25 

27. 

Do. 

- 

m 

101 

- 

—  32 

Feb.  2. 

A  wolf     . 

. 

. 

105 

. 

—  27 

These  animals  must  have  to  disengage  a  quantity  of  caloric,  at 
least  100°  higher  than  the  temperature  of  the  atmosphere,  through- 
out the  whole  of  winter ;  and  it  would  appear  as  if  the  counteract- 
ing influence  becomes  proportionately  greater  as  the  temperature  is 
more  depressed.  It  is,  however,  a  part  of  the  nature  of  those  ani- 
mals to  be  constantly  eliciting  this  unusual  quantity  of  caloric, 
and  therefore  they  do  not  suffer.  Where  animals,  not  so  accus- 
tomed, are  placed  in  an  unusually  cold  medium,  the  efforts  of  the 
system  rapidly  exhs^ust  the  nervous  energy ;  and  when  this  be- 
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comes  80  far  depressed  as  to  interfere  materially  with  the  function 
of  calorification,  which  we  shall  find  is  to  a  certain  extent  under 
the  nervous  influence,  the  temperature  sinks  and  the  individual 
dies  lethargic — or  as  if  struck  with  apoplexy. 

The  ship  Endeavour,  being  on  the  coast  of  Terra  del  Fuego,on 
the21stof  December,  1769,  Messrs.  Banks,  Solander,  and  others 
were  desirous  of  making  a  botanical  excursion  upon  the  hills  on  the 
coast,  which  did  not  appear  to  be  far  distant.  The  party,  consisting  of 
eleven  persons,  were  overtaken  by  night,  on  the  hills  during  ex- 
treme cold.  Dr.  SoLANDER,  who  had  crossed  the  mountains  which 
divide  Sweden  from  Norway,  knowing  the  almost  irresistible  de- 
sire for  sleep  produced  by  exposure  to  great  cold,  more  especially 
when  united  with  fatigue,  enjoined  his  companions  to  keep  moving, 
whatever  pains  it  might  cost  them,  and  whatever  might  be  the  re- 
lief promised  by  an  indulgence  in  rest  "  Whoever  sits  down,'* 
said  he,  "will  sleep,  and  whoever  sleeps  will  wake  no  more.'* 
Thus  admonished,  they  set  forward,  but  whilst  still  upon  the  bare 
rock,  and  before  they  had  got  among  the  bushes,  the  cold  suddenly 
became  so  severe,  as  to  produce  the  efiects  that  had  been  dreaded. 
Dr.  SoLANDER  himself  was  the  first  who  found  the  desire  irre- 
sistible, and  insisted  on  being  sufiered  to  lie  down.  Mr.  Banks, 
(afterwards  Sir  Joseph,)  entreated  and  remonstrated  in  vain.  He 
lay  down  upon  the  ground,  although  it  was  covered  with  snow ; 
and  it  was  with  the  greatest  difficulty,  that  his  friend  could  keep 
him  from  sleeping.  Richmond,  also,  one  of  the  black  servant^ 
began  to  linger  and  to  sufier  from  the  cold,  in  the  same  manner  as 
Dr.  SoLANDER.  Mr.  Banes,  therefore,  sent  five  of  the  company 
forward  to  get  a  fire  ready  at  the  first  convenient  place  they  came 
to;  and  himself,  with  four  others,  remained  with  the  doctor  and 
Richmond,  whom,  partly  by  persuasion  and  partly  by  force,  they 
carried  forward;  but  when  they  had  got  through  the  birch  and 
swamp,  they  both  declared  they  could  go  no  farUier.  Mr.  Banks 
had  again  recourse  to  entreaty  and* expostulation,  but  without  ef- 
fect When  Richmond  was  told,  that  if  he  did  not  go  on,  he 
would,  in  a  short  time,  be  frozen  to  death,  he  answered,  that  he 
desired  nothing  but  to  lie  down  and  die.  Dr.  Solander  was  not 
so  obstinate,  but  was  willing  to  go  on,  if  they  would  first  allow 
him  to  take  some  sleep,  although  he  had  before  observed,  that  to 
sleep  was  to  perish.  Mr.  Banes  and  the  rest  of  the  party  found  it 
impossible  to  carry  them,  and  they  were  consequently  suffered  to 
sit  down,  being  partly  supported  by  the  bushes,  and,  in  a  few  mi- 
nutes, they  fell  into  a  profound  sleep.  Soon  after,  some  of  the 
people,  who  had  been  sent  forward,  returned  with  the  welcome  in- 
telligence, that  a  fire  had  been  kindled  about  a  quarter  of  a  mile 
farther  on  the  way.  Mr.  Banes  then  endeavoured  to  rouse  Dr. 
Solander,  and  happily  succeeded,  but,  although  he  had  not  slept 
five  minutes,  he  had  almost  lost  the  use  of  his  limbs;  and  the  mus- 
cles were  so  shrunk^  that  his  shoes  fell  from  his  feet     He  con- 
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sented  to  fp  forward  with  such  assistance  as  could  be  giren  him, 
but  no  attempts  to  relieve  Richmond  were  successful.  He,  with 
another  black  left  with  him,  died.  Several  others  began  to  lose 
their  sensibility,  having  been  exposed  to  the  cold  near  an  hour  and 
a  half,  but  the  fire  recovered  them. 

The  preceding  history  is  interesting  in  another  point  of  view  be^ 
sides  the  one  for  which  it  was  more  especially  adduced.  Both  the 
individuals  that  perished  were  blacks,  and  it  has  been  a  common 
observation  that  they  bear  exposure  to  great  heat  with  more  impu- 
nity, and  suffer  more  from  intense  cold,  than  the  white  variety  of 
the  species.  As  regards  inorganic  bodies,  it  has  been  satisfactorily 
shown,  that  the  phenomena  of  the  radiation  of  caloric  are  connect- 
ed with  the  nature  of  the  radiating  surface ;  and  that  those  surfaces 
which  radiate  most,  possess,  in  the  highest  degree,  the  absorbing 
power;  in  other  woi^s,  bodies  that  have  their  temperatures  most 
readily  raised  by  radiant  heat  are  those  that  are  most  easily  cooled 
by  their  own  radiation.  In  the  experiments  of  Professor  Leslie 
it  was  found,  that  a  clean  metallic  surface  produced  an  effect  upon 
the  thermometer  equal  to  12 ;  but  when  covered  with  a  thin  coat  of 
glue  its  radiating  power  was  so  far  increased  as  to  produce  an  effect 
equal  to  80 ;  and,  on  covering  it  with  lamp-black,  it  became  equal 
to  100.  W^  can  thus  understand  why,  in  the  negro,  there  should 
be  a  greater  expense  of  caloric  than  in  the  white,  owing  to  the 
greater  radiation ;  not  because  as  much  caloric  may  not  have  been 
elicited  as  in  the  white.  In  the  same  manner  we  can  understand 
that,  owing  to  the  greater  absorbing  power  of  his  skin,  he  may 
suffer  less  u*om  excessive  heat  than  the  white ;  and  this  is  perhaps 
the  great  use  of  the  dark  rete  mucosum.  To  ascertain  whether 
such  be  the  fact,  the  following  experiments  were  instituted  by  Sir 
EvERARD  Home.  He  exposed  the  back  of  his  hand  to  the  sun  at 
twelve  o'clock,  with  a  thermometer  attached  to  it,  another  thermo- 
meter being  placed  upon  a  table  with  the  same  exposure.  The 
temperature,  indicated  by  that  on  his  hand,  was  90° ;  by  the  other, 
102°.  In  forty-five  minutes,  blisters  arose,  and  coagulable  lymph 
was  thrown  out     The  pain  was  very  severe. 

In  a  second  experiment,  he  exposed  his  face,  eyelids,  and  the 
back  of  his  hand  to  water  heated  to  120° ;  in  a  few  minutes,  they 
became  painful ;  and,  when  the  heat  was  farther  increased,  he  was 
unable  to  bear  it;  but  no  blisters  were  produced. 

In  a  third  experiment,  he  exposed  the  backs  of  both  hands, 
with  a  thermometer  upon  each,  to  the  sun's  rays.  The  one  hand 
was  uncovered;  the  other  had  a  covering  of  black  cloth,  under 
which  the  ball  of  the  thermometer  was  placed.  After  ten  minutes, 
the  degree  of  heat  of  each  thermometer  was  marked,  and  the  ap- 
pearance of  the  skin  examined.  This  was  repeated  at  three  different 
times.  The  first  time,  the  thermometer  under  the  cloth  stood  at  91°, 
the  other  thermometer  at  85° ;  the  second  time,  they  indicated  re- 
spectively 94°  and  91°;  and  the  third  time,  106°  and  98°.  In  every 
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one  of  these  trials,  the  skin,  that  was  uncovered,  was  scorched, 
whilst  the  other  had  not  suffered  in  the  slightest  degree. 

From  all  his  experiments.  Sir  Everard  concludes,  that  the 
power  of  the  sun's  rays  to  scorch  the  skin  of  animals  is  destroyed, 
when  applied  to  a  black  surface ;  although  the  absolute  heat,  in 
consequence  of  the  absorption  of  the  rays,  is  greater. 

When  cold  is  applied  to  particular  parts  of  the  body,  the  heat  of 
those  parts  sinks  lower  than  the  minimum  of  depressed  tempera- 
ture.  Although  Hunter  was  unable  to  heat  the  urethra  one  degree 
above  the  maximum  of  elevated  temperature  of  the  body,  he  suc- 
ceeded in  cooling  it  29"^  lower  than  the  minimum  of  depressed 
temperature,  or  to  58^  He  succeeded  in  cooling  down  the  ears  of 
rabbits  until  they  froze;  and,  when  thawed,  they  recovered  their 
natural  heat  and  circulation.  The  same  experiment  was  performed 
on  the  comb  and  wattles  of  a  cock.  He  found,  however,  that  re- 
suscitation occurred  in  no  instance  where  the  whole  body  had  been 
frozen. 

Hunter  found,  that  the  power  of  generating  heat,  when  ex- 
posed to  a  cooling  influence,  was  possessed  even  by  the  egg. 

An  egg,  which  had  been  frozen  and  thawed,  was  put  into  a  cold 
mixture  along  with  one  newly  laid.  The  latter  was  seven  minutes 
and  a  half  longer  in  freezing  than  the  other. 

In  another  experiment,  a  fresh  laid  egg,  and  one  which  had  been 
frozen  and  thawed,  were  put  into  a  cold  mixture  at  15° ;  the  thaw- 
ed one  soon  rose  to  32%  and  began  to  swell  and  congeal ;  the  fresh 
one  sunk  to  29i,  and,  in  twenty-five  minutes  after  the  dead  one, 
it  rose  to  32°,  and  began  to  swell  and  freeze.  All  these  facts  prove, 
that  when  the  body  is  exposed  to  a  lower  temperature  than  usual, 
a  counteracting  power  of  calorification  exists;  but  that,  in  the  hu- 
man species,  such  exposure  to  cold  is  incapable  of  depressing  the 
temperature  of  the  system  lower  than  about  15°  beneath  the  natu- 
ral standard. 

On  the  other  hand,  when  the  human  body  is  exposed  to  a  tem- 
perature greatly  beyond  the  natural  standard,  an  action  of  refrige- 
ration is  exerted ;  so  that  animal  heat  does  not  rise  beyond  a  cer- 
tain number  of  degrees ; — to  a  much  smaller  extent  in  fact  than  it  is 
capable  of  being  depressed  by  the  opposite  influence. 

BoERHAAVE  maintained  the  strange  opinion,  that  no  warm- 
blooded animal  could  exist  in  a  temperature  higher  than  that  of  its 
own  body.  In  the  part  of  Virginia  in  which  we  are  now  situated, 
there  are  some  days  in  every  summer  in  which  the  thermometer 
reaches  98°  of  Fahrenheit  ;  whilst  in  other  parts  of  this  country 
it  is  occasionally  much  higher.  The  meteorological  registers  show 
it  to  be  at  times  as  high  as  108°  at  Council  BJuffs  in  Missouri ;  at 
104°  in  New  York;  and  at  100°  in  Michigan;  whilst  in  most  of 
the  states,  on  some  day  of  summer  it  reaches  96°  or  98°.  At  Sierra 
Leone,  Messrs.  Watt  and  Winterbottom  saw  the  thermometer 
firequently  at  100°,  and  even  as  high  as  102°  and  103°  at  some  dis- 
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tance  from  the  coast  Adanson  saw  it  at  Senegal  as  high  as  108i^ 
Brtdone  affirms,  that  when  the  scirocco  blows  in  Sicily,  the  heat 
rises  to  112^  Dr.  Chalmers  observed  a  heat  of  115°  in  South 
Carolina;  Humboldt  of  110°  to  115°  in  the  Llanos  or  Plains  near 
the  Orinoco ;  and  Captain  Tucket  asserts,  that  on  the  Red  Sea  he 
never  observed  the  thermometer  at  midnight  under  94°  3  at  sunrise 
under  104°;  or  at  midday  under  112°. 

So  long  ago  as  1758,  Grovernor  Ellis  of  Georgia  had  noticed 
how  little  the  heat  of  the  body  is  influenced  by  the  external  atmos- 
phere. **  I  have  frequently,^*  he  remarks,  "  walked  an  hundred 
yards  under  an  umbrella  with  a  thermometer  suspended  from  it  by 
a  thread,  to  the  height  of  my  nostrils,  when  the  mercury  has  rose 
to  105°,  which  is  prodigious.  At  the  same  time  I  have  confined 
this  instrument  close  to  the  hottest  part  of  my  body,  and  have  been 
astonished  to  observe,  that  it  has  subsided  several  degrees.  Indeed 
I  never  could  raise  the  mercury  above  97°  with  the  heat  of  my 
body." 

Two  years  afterthedate  of  thiscommunication,  the  powerof  resist- 
ing a  much  higher  atmospheric  temperature  was  discovered  by  acci- 
dent MM.  DuHAMEL  and  Tillet, — in  some  experiments  for  de- 
stroying an  insect  that  infested  the  grain  of  the  neighbourhood, — 
having  occasion  to  use  a  large  public  oven  on  the  same  day  in  which 
bread  had  been  baked  in  it,weredesirous  of  ascertaining  its  tempera- 
ture. This  they  endeavoured  to  accomplish  by  introducing  a  thermo- 
meter into  the  oven  at  the  end  of  a  shovel.  On  being  withdrawn,  the 
thermometer  indicated  a  degree  of  heat  considerably  above  that  of 
boiling  water ;  but  M.  Tillet,  feeling  satisfied  that  the  thermo- 
meter had  fallen  several  degrees  in  approaching  the  mouth  of  the 
oven,  and  seeming  to  be  at  a  loss  how  to  rectify  the  error,  a  girl, 
—one  of  the  servants  of  the  baker,  and  an  attendant  on  the  oven, — 
offered  to  enter,  and  mai^  with  a  pencil  the  height  at  which  the 
thermometer  stood  within  the  oven.  The  girl  smiled  at  M.  Til- 
let's  hesitation  at  her  proposition,  entered  the  oven,  and  noted 
the  thermometer  to  be  at  260°  of  Fahrenheit.  M.  Tillet, 
anxious  for  her  safety,  called  upon  her  to  come  out ;  but  she  assured 
him  she  felt  no  inconvenience  from  her  situation,  and  remained 
ten  minutes  longer,  when  the  thermometer  had  risen  to  280°  and 
upwards.  She  then  came  out  of  the  oven,  with  her  face  considera- 
bly flushed,  but  her  respiration  by  no  means  quick  or  laborious. 

These  facts  excited  considerable  interest,  but  no  farther  experi- 
ments appear  to  have  been  instituted,  until,  in  the  year  1774,  Dr. 
Geo.  Fobbtce  and  Sir  Chables  Blaoden  made  their  celebrated 
trials  with  heated  air.  The  rooms,  in  which  these  were  made,  were 
heated  by  flues  in  the  floor.  Having  taken  off  his  coat,  waistcoat, 
and  shirt,  and  being  provided  with  wooden  shoes  tied  on  with  list, 
Dr.  FoBDTCE  went  into  one  of  the  rooms,  as  soon  as  the  thermo- 
meter indicated  a  degree  of  heat  above  that  of  boiling  water.  The 
first  impression  of  this  heated  air  upon  his  body  was  exceedingly 
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disagreeable;  but,  in  a  few  minates^all  uneasineas  was  removed  by 
copious  perspiration.  At  the  end  of  twelve  minutes  he  left  tiie 
room  very  much  fatigued,  but  not  otherwise  disordered.  The 
thermometer  had  risen  to  220^.  In  ether  experiments,  it  was 
found,  that  a  heat  of  even  260^  could  be  borne  with  tolerable  ease. 
At  this  temperature,  every  piece  of  metal  was  intolerably  hot; 
small  quantities  of  water,  in  metallic  vessels,  quickly  boiled;  and 
streams  of  moisture  poured  down  over  the  whole  surface  of  the 
body.  That  this  was  merely  the  vapour  of  the  room,  condensed 
by  Uie  cooler  skin,  was  proved  by  the  fact,  that  when  a  Florence 
flask,  filled  with  water  of  the  same  temperature  as  the  body,  was 
placed  in  the  room,  the  vapour  condensed  in  like  manner  upon  its 
surface,  and  ran  down  in  streams.  Whenever  (hey  breathed  upon 
the  thermometer  the  mercury  sank  several  degrees.  Every  expi- 
ration, especially  if  made  with  any  degree  of  vioknce,  communi- 
cated a  pleasant  impression  of  coolness  to  the  nostrils,  scorched 
immediately  before  by  the  hot  air  rushing  against  them  when  they 
inspired.  In  the  same  manner,  their  comparatively  cool  breath 
cooled  their  fingers,  whenever  it  reached  them.  <'To  prove,'' 
says  Sir  Charles  Blaodbn,  '^  that  there  was  no  fallacy  in  the 
degree  of  heat,  shown  by  the  thermometer,  but  that  the  air,  which 
we  breathed,  was  capable  of  producing  all  the  well-known  efiects 
of  such  an  heat  on  inanimate  matter,  we  put  some  egg»  and  a  beef- 
steak upon  a  tin  frame,  placed  near  the  standard  thermometer,  and 
farther  distant  from  the  cockle  than  from  the  wall  of  the  room.  In 
about  twenty  minutes,  the  eggs  were  taken  out,  roasted  quite  hard; 
and  in  forty-seven  minutes  the  steak  was  not  only  dressed,  but 
almost  dry.  Another  beef-steak  was  rather  over  done  in  thirty- 
three  minutes.  In  the  evening,  when  the  heat  was  still  greater, 
we  laid  a  third  beef-steak  in  the  same  place;  and  as  it  had  now 
been  observed,  that  the  effect  of  the  heated  air  was  much  increased 
by  putting  it  in  motion,  we  blew  upon  the  steak  with  a  pair  of  bel- 
lows, which  produced  a  visible  change  on  its  surface  and  seemed 
to  hasten  the  dressing;  the  greatest  part  of  it  was  found  pretty 
well  done  in  thirteen  minutes." 

In  all  these  experiments,  and  similar  ones  were  made  in  the  fol- 
lowing year  by  Dobson  of  Liverpool,  the  heat  of  the  body,  in  a  high 
temperature,  speedily  reached  100^,  but  exposure  to  212^  and  more 
did  not  carry  it  higher.  These  results  are  not,  however,  exactly  in 
accordance  with  those  of  MM.  Berobr  and  De  La  Roche,  deduced 
from  experiments,  performed  in  1806.  Having  exposed  them- 
selves for  some  time  to  a  stove, — the  temperature  of  which  was  39°< 
of  Reaumur,  or  120°  of  Fahrenheit, — their  temperature  was  ele- 
vated 3**  of  Reaumur,  or  61^*  of  Fahrenheit;  and  M.  De  La 
Roche  found,  that  his  rose  4°  of  Reaumur,  or  9**  of  Fahrenheit, 
when  he  had  remained  sixteen  minutes  in  a  stove,  heated  to  176^ 
of  Fahrenheit.  In  some  experiments  of  Chabert,  who  has 
been  exhibiting  his  powers  as  a  <^  Fire-king,"  in  this  country  as 
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wdl  as  in  Europey  he  is  said  to  have  entered  an  oyen  with  impn- 
nity,  the  heat  of  which  was  from  400  to  600®  of  Fahhenheit. 

Experiments  have  shown,  that  the  same  power  of  resisting  ex- 
cessive  heat  is  possessed  by  other  animals.  Drs.  Fobbtce  and 
B1.AODEN  shut  up  a  dog  in  a  room,  the  temperature  of  which  was 
between  2201°  and  236®  for  half  an  hour;  at  the  end  of  this  time,  a 
thermometer  was  applied  between  the  thigh  and  flank  of  the  ani- 
mal; and  in  about  a  minute,  the  mercury  sank  down  to  110®;  but 
the  real  heat  of  the  body  was  certainly  less  than  this,  as  the 
ball  of  the  thermometer  coqld  not  be  kept  a  sufficient  time  in  pro- 
per contact,  and  the  hair,  which  felt  sensibly  hotter  than  the  bare 
skin,  could  not  be  prevented  from  touching  the  instrument  The 
temperature  of  this  animal,  in  the  natural  state,  was  101®. 

We  find,  in  the  case  of  aquatic  animals,  some  astonishing  cases 
of  adaptation  of  beings  to  ^e  medium  in  which  they  live.  Al- 
though man  is  capable  of  breathing  air,  heated  to  above  the  boil- 
ing point  of  water  with  impunity,  we  have  seen  that  he  cannot  bear 
the  contact  of  water  much  below  that  temperature.  Yet  we  find 
fishes  living  in  water  at  a  temperature,  which  would  be  entirely 
sufficient  to  boil  them  if  dead.  In  the  thermal  springs  of  Bahia, 
in  Brazil,  many  small  fishes  are  seen  swimming  in  a  rivulet,  that 
raises  the  thermometer  to  88®,  when  the  temperature  of  the  air  is 
only  77i®.  Sonksrat,  again,  found  fishes  existing  in  a  hot  spring 
atthe  Manillas,at  158®  Fah.;  and  MM.  Humboldt  and  BoNPLAim, 
in  travelling  through  the  province  of  Quito  in  South  America, 
perceived  fishes  thrown  up  alive  and  apparently  in  health,  from 
the  bottom  of  a  volcano,  in  the  course  of  its  explosions,  along  with 
water  and  heated  vapour  that  raised  the  thermometer  to  210®,  or 
only  two  degrees  short  of  the  boiling  point 

When  the  heating  influence  is  applied  to  a  part  of  the  body  only, 
as  to  the  urethra,  the  temperature  of  the  part  is  not  increased 
beyond  the  degree  to  which  the  whole  body  may  be  raised. 

From  all  these  facts,  then,  we  may  conclude,  that  when  the  body 
is  exposed  to  a  temperature,  greatly  above  the  ordinary  standard 
of  the  animal,  a  frigorific  influence  is  exerted;  but  this  is  effected 
at  a  considerable  expense  of  the  vital  energy;  and  hence  is  followed 
by  considerable  exhaustion,  if  the  efibrt  be  prolonged. 

In  the  cold-blooded  animal,  the  power  of  resisting  heat  is  not 
great;  so  that  it  expires  in  water  not  hotter  than  the  human  Uood 
occasionally  is.  Dr.  Ebwabbs  found,  that  a  frog,  which  can  live 
for  eight  hours  in  water  at  32®,  is  destroyed  in  a  few  seconds,  in 
water  at  105®;  which  appears  to  be  the  highest  temperature,  that 
cold-blooded  animals  can  bear. 

Observation  has  shown,  that  although  the  average  temperature 
of  an  animal  is  such  as  we  have  stated  in  the  table,  yet  that  parti*- 
cutar  circumstances  give  occasion  to  some  fluctuation.  A  slight 
difference  exists,  according  to  sex,  temperament,  idiosyncrasy,  &c. 
MM.  Edwabds  and  Gentil  found  the  temperature  of  a  young 
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female  half  a  degree  less  than  that  of  two  boys  of  the  same  age. 
Edwabds  tried  the  temperature  of  twenty  sexagenarians,  thirty- 
seven  septuagenarians,  fifteen  octogenarians,  and  five  centenarians, 
at  the  large  establishment  of  Bic^tre,  and  he  observed  a  slight  dif- 
ference in  each  class.  John  Davy  found,  that  the  temperature  of 
a  Iamb  was  a  degree  higher  than  that  of  its  mother;  in  five  new- 
born children,  the  heat  was  about  half  a  degree  higher  than  that  of 
the  mother,  and  it  rose  half  a  degree  higher  in  the  first  twelve 
hours  after  birth.  Edwabds,  on  the  other  hand,  found,  that,  in 
the  cold-blooded  animal,  the  faculty  of  producing  heat  was  less,  the 
nearer  to  birth;  and  that  in  many  cases,  as  soon  as  the  young 
dropped  from  the  mother,  the  temperature  fell  to  within  a  degree 
or  two  of  that  of  the  circumambient  air;  and  he  moreover  affirms^ 
that  the  faculty  of  producing  heat  is  at  its  minimum  at  birth;  and 
that  it  increases  successively  to  the  adult  age.  His  trials  on  chil- 
dren, at  the  large  Hopital  des  Enfana  of  Paris;  and  on  the  aged, 
at  Bic^tre,  showed,  that  the  temperature  of  infants,  one  or  two 
days  old,  was  94"^  or  95^  of  Fahrenheit;  that  of  the  sexagenarian 
from  95°  to  97^;  of  the  octogenarian  94°  or  95^;  and  that,  as  a  ge- 
neral principle,  it  varied  according  to  the  age. 

The  state  of  the  system,  as  to  health  or  disease,  also  influences 
the  evolution  of  heat.  Dr.  Francis  Home,  of  Edinburgh,  took 
the  heat  of  various  patients,  at  different  periods  of  their  indisposi- 
tions. He  found  that  of  two  persons,  labouring  under  the  cold 
stage  of  an  intermittent,  to  be  104°  ;  whilst,  during  the  sweat  and 
afterwards,  it  fell  to  101^  and  to  99^.  The  highest  degree,  which 
he  noticed  in  fever,  was  107^.  We  have  often  witnessed  the  ther- 
mometer at  106^  in  scarlatina  and  in  typhus,  but  it  probably  rarely 
exceeds  this,  although  it  is  stated  to  have  been  seen  as  high  as  112  . 

Hunter  found  the  interior  of  a  hydrocele,  on  the  day  of  opera- 
tion, to  raise  the  mercury  to  92^ ;  on  the  following  day,  when  in- 
flammation had  commenced,  it  rose  to  99°.  The  fluid,  obtained 
from  the  abdomen  of  an  individual,  tapped  for  th^  seventh  time  for 
dropsy  of  the  lower  belly,  indicated  a  temperature  of  101°.  Twelve 
days  thereafter,  when  the  operation  was  repeated  for  the  eighth 
time,  the  temperature  was  104^. 

Dr.  James  Currie  had  himself  bled;  and  during  the  operation, 
the  mercury  of  a  thermometer,  which  he  held  in  his  hand,  sank, 
at  first  slowly  and  afterwards  rapidly,  nearly  10° ;  and  when  he 
fainted,  the  assistant  found,  that  it  had  sank  8"^  farther. 

MM.  Edwards  and  Gentil  also  assert,  that  they  have  ob- 
served diurnal  variations  in  the  temperature  of  individuals,  and 
these  produced,  apparently,  by  the  particular  succession  in  the  ex- 
ercise of  the  different  organs ;  as  where  intellectual  meditation  was 
followed  by  digestion.  These  variations,  they  affirm,  frequently 
amounted  to  two  or  three  degrees,  between  morning  and  evening. 

Such  are  the  prominent  facts,  connected  with  the  subject  of  ani- 
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mal  heat  It  is  obvious,  that  it  is  altogether  disengaged  by  an  ac- 
tion of  the  system,  which  enables  it  to  counteract,  within  certain 
limits,  the  extremes  of  atmospheric  heat  and  cold.  The  animal 
body,  like  all  •ther  substances,  is  subjected  to  the  laws  regarding 
the  equilibrium,  the  conduction,  and  the  radiation  of  caloric ;  but, 
by  virtue  of  the  important  function  we  are  now  considering,  its 
own  temperature  is  neither  elevated  nor  depressed  by  those  influ- 
ences to  any  great  amount  Into  the  seat  and  nature  of  this  mys- 
terious process,  and  the  various  ingenious  theories,  that  have  been 
indulged,  we  will  now  inquire. 

Physiologists  have  been  by  no  means  agreed,  regarding  the  or- 
gans or  apparatus  of  calorification.  Some,  indeed,  have  affirmed 
that  there  is  not,  strictly  speaking,  any  such  apparatus ;  and  that 
animal  heat  results  from  all  the  other  vital  operations.  Amongst 
those,  too,  who  admit  the  existence  of  such  an  apparatus,  a  differ- 
ence of  sentiment  prevails ;  some  esteeming,  that  it  is  localy  or  ef- 
fected in  some  particular  part  of  the  body ;  others,  that  it  is  gene- 
ral,  or  disseminated  through  the  whole  of  the  economy. 

Under  the  name  caloriciU  Chaussieb  admits  a  primary  vital 
property,  by  virtue  of  which  living  beings  disengage  the  caloric  on 
which  Uieir  proper  temperature  is  dependent,  in  the  same  manner 
as  they  accomplish  their  other  vital  operations,  by  other  vital  pro- 
perties ;  and,  in  support  of  this  doctrine,  he  adduces  the  circum- 
stance, that  each  living  body  has  its  own  proper  temperature ; 
which  is  coexistent  only  with  the  living  state ;  is  common  to  every 
living  part ;  ceases  at  death ;  and  augments  by  every  cause,  that 
excites  the  vital  activity. 

It  has  been  properly,  however,  objected  to  this  view,  that  the 
same  arguments  would  apply  equally  to  many  other  vital  opera- 
tions ;  to  nutrition  for  example ;  and  that  it  would  be  obviously 
improper  to  admit,  for  each  of  these  functions,  a  special  vital  prin- 
ciple. The  notion  has  not  experienced  favour  from  the  physiolo- 
gist, and  is,  we  believe,  confined  to  the  Individual  from  whom  it 
emanated. 

BoNi,again,aGCording  to  Adelon,  considers  that  no  particular  or- 
gan is  specially' charged  with  the  disengagement  of  caloric ;  but  that 
it  is  the  common  resultant  of  all  the  vit^  actions,  nervous  or  muscu- 
lar, of  digestion,  respiration,  circulation,  nutrition,  secretion,  &c. 
The  arguments,  that  he  adduces,  in  favour  of  his  position,  are, — that 
the  exercise  of  any  of  these  functions  actually  modifies  the  tempera- 
ture of  the  body;  that  mental  labour  heats  the  head, — hence  the  ex- 
citement witnessed  in  the  maniac,  and  the  great  resistance  to  cold 
for  which  he  is  distinguished;  and  that,  during  emotion,  we  are  hot 
or  cold,  whatever  may  be  the  condition  of  the  atmosphere. 

The  action  of  the  various  organs  of  the  body,  and  especially  of 
ihe  nervous  system,  we  shall  see,  have  considerable  influence  in 
modifying  the  disengagement  of  heat ;  and  it  is  probable,  that  it 
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occurs  in  the  different  organs,  referred  to  by  BoNi^butnot  directly 
in  consequence  of  the  functions  they  accomplish. 

Amongst  those,  who  admit  that  calorification  is  a  local  action, 
some  have  believed  that  the  caloric  is  disengaged  in  a  particu- 
lar organ,  whence  it  is  distributed  to  every  part  of  the  body ; 
whilst  others  conceive,  that  every  part  disengages  its  own  caloric 
and  has  its  special  temperature. 

So  striking  a  phenomenon  as  animal  temperature  could  not  fail 
to  attract  early  attention ;  and,  accordingly,  we  find,  amongst  the 
ancients,  various  speculations  on  the  subject  The  most  prevalent 
was,  that  its  seat  is  in  the  heart;  that  it  is  communicated  to  the 
blood  in  that  viscus,  and  is  afterwards  sent  to  every  part  of  the 
system;  and  that  the  great  use  of  respiration  is  to  cool  the  heart; 
but  this  hypothesis  is  liable  to  all  the  objections,  that  apply  to  the  no- 
tion of  any  organ  of  the  body  acting  as  a  furnace, — that  such  organ 
ought  to  be  calcined  ;  and  it  has  the  additional  objection,  which 
applies  to  all  the  speculations  regarding  the  ebullition  and  efferves- 
cence of  the  blood  as  a  cause  of  heat,  that  it  is  purely  conjectural, 
without  the  slightest  fact  or  argument  in  its  favour.  It  was  not, 
indeed,  until  the  chymical  doctrines  prevailed,  that  any  thing  like 
argument  was  adduced  in  favour  of  the  local  disengagement  of 
heat:  the  opinions  of  physiologists  then  settled  almost  universally 
upon  the  lungs ;  and  this  chiefly  in  consequence  of  the  observation, 
that  animals,  which  do  not  breathe,  have  a  temperature  but  little 
superior  to  the  medium  in  which  they  live ;  whilst  man  and  ani- 
mals that  breathe  have  a  temperature  considerably  higher  than 
the  medium  heat  of  the  climate  in  which  they  exist,  and  one  which 
is  but  little  affected  by  changes  in  the  thermal  condition  of  that 
medium ;  and,  moreover,  that  birds,  which  breathe,  in  proportion, 
a  greater  quantity  of  air  than  man,  have  a  still  higher  temperature 
than  he. 

Matow,  whose  theory  of  animal  heat  was,  in  other  respects, 
efficiently  unmeaning,  affirmed,  that  the  effect  of  respiration  is  not 
to  cool  the  blood,  as  had  been  previously  maintained,  but  to  gene- 
rate heat,  which  it  did  by  an  operation  analogous  to  combustion. 

It  was  not,  however,  until  the  publication  of  Dr.  Black's  doc- 
trine on  latent  heat,  that  any  plausible  explanation  of  the  pheno- 
menoa  appeared.  According  to  that  distinguished  philosopher,  a 
part  of  the  latent  heat  of  the  inspired  air  becomes  sensible;  conse- 

auently,  the  temperature  of  the  lungs  and  of  the  blood  passing 
irough  them  must  be  elevated;  and  as  the  blood  is  distributed  to 
the  whole  system,  it  communicates  its  heat  to  the  parts  as  it 
proceeds  in  its  course.  But  this  view  was  liable  to  an  obvious 
objection,  which  was,  indeed,  fatal  to  it,  and  so  Black  himself 
appears  to  have  thought,  from  his  silence  on  the  subject.  If  the 
whole  of  the  caloric  is  disengaged  in  the  lungs,  as  in  a  furnace,  and 
18  distributed  through  the  blood-vessels,  as  heated  air  is  trans- 
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mitted  along  conducting  pipes,  the  temperature  of  the  lun^  ought 
to  be  much  greater  than  that'  of  the  parts  more  distant  from  the 
heart;  so  great,  indeed,  as  to  consume  that  important  organ  in  a 
short  space  of  time. 

The  doctrine,  maintained  by  Lavoisier  and  Seouih,  was: — 
that  the  oxygen  of  the  inspired  air  combines  with  the  carbon  and 
hydrogen  of  the  venous  blood  and  produces  combustion.  The  calo- 
ric, given  off,  is  then  taken  up  by  the  blood-vessels,  and  is  distri- 
bute over  the  body.  The  arguments  they  adduced  in  favour  of 
this  view,  were: — the  great  resemblance  between  respiration  and 
combustion;  so  that  if  the  latter  gives  offbeat,  the  former  ought  to 
do  so  likewise; — ^the  fact  that  arterial  blood  is  somewhat  warmer 
than  venous;^-certain  experiments  of  Lavoisier  and  La  Place, 
which  consisted  in  placing  animals  in  the  calorimeter,  and  com- 
paring the  quantity  of  ice^  which  they  melted,  and,  consequently, 
the  quantity  of  heat  they  gave  off,  with  the  quantity  of  carbonic 
acid  produced;  and  finding  that  the  quantity  of  caloric,  that  would 
result  from  the  carbonic  acid  formed,  was  exactly  that  disengaged 
by  those  animals.  Independently,  however,  of  other  objections, 
this  hypothesis  is  liable  to  those  already  urged  against  that  of 
Black,  which  it  closely  resembles. 

The  objection,  that  the  lungs  ought  to  be  much  hotter  than 
ihey  really  are — both  absolutely  and  relatively — was  attempt- 
ed to  be  obviated  by  Dr.  Crawford,  in  a  most  ingenious  and 
apparently  logical  manner.  The  oxygen  of  the  inspired  air,  accord- 
ing to  him,  combines  with  the  carbon  given  out  by  the  bloody  so 
as  to  form  carbonic  acid.  But  the  specific  heat  of  this  is  less 
than  that  of  oxygen;  and,  accordingly,  a  quantity  of  latent  calo- 
ric is  set  free;  and  this  caloric  is  not  only  sufficient  to  support  the 
temperature  of  the  body,  but  also  to  carry  off  the  water — which 
was  supposed  to  be  formed  by  the  union  of  the  hydrogen  and  the 
oxygen — in  the  state  of  vapour,  and  to  raise  the  temperature  of 
the  inspired  air  considerably.  So  far  the  theory  of  Crawford 
was  liable  to  the  same  objections  as  those  of  Black,  and  Lavoisier 
and  SsGuiN.  He  affirmed,  however,  that  the  same  process,  by 
which  the  oxygen  of  the  inspired  air  is  converted  into  carbonic 
acid,  converts  likewise  the  venous  into  arterial  blood;  and  as  he 
assumed  from  his  experiments,  that  the  capacity  for  caloric  of  arte- 
rial blood  is  greater  than  that  of  venous,  in  the  proportion  of 
1.0300  to  0.8928;  he  conceived,  that  the  caloric,  set  free  in  the 
formation  of  the  carbonic  acid,  in  place  of  raisins  the  temperature 
of  the  arterial  blood,  is  employed  in  saturating  its  increased  capa- 
city, and  in  maintaining  its  temperature  at  the  same  degree  with 
the  venous. 

According  to  this  view,  therefore,  the  heat  is  not  absolutely  set 
free  in  the  lungs,  although  arterial  blood  contains  a  greater  quan- 
tity of  caloric  than  venous;  but  when,  in  the  capillaries,  the  arte- 
rial becomes  converted  into  venous  blood,  or  into  blood  of  a  less 

Vol.  II.  24 


186  CALORIFICATION. 

capacity  for  caloric,  the  heat  is  set  free,  and  occasions  the  tempe- 
rature of  the  body. 

If  the  facts,  which  have  served  as  a  foundation  for  this  theory 
of  animal  heat,  were  not  false,  the  deductions  would  be  irresistible; 
and,  accordingly,  it  was,  at  one  time,  almost  universally  received, 
especially  by  those  who  consider  that  all  vital  operations  can  be 
assimilated  to  chymical  processes.  But  numerous  objections  arise 
against  it  In  the  first  place,  we  have  elsewhere  endeavoured  to 
show,  that  respiration  is  not  a  combustion;  and  that  our  know- 
ledge is  limited  to  the  fact,  that  oxygen  is  taken  into  the  pulmo- 
nary vessels  and  carbonic  acid  given  o£f,  but  we  have  no  means  of 
knowing  whether  the  one  goes  immediately  to  the  formation  of  the 
other.  Dr.  Crawford  had  inferred  from  his  experiments,  that 
the  specific  heat  of  oxygen  is  1.7490;  of  carbonic  acid,  1.0454;  of 
azote,  0.7936;  and  of  atmospheric  air,  0.2669;  but  the  more  re- 
cent experiments  of  Ds  La  Roche  and  Berard,  make  that  of 
oxygen,  0.2361; of  carbonic  acid,  0.2210;  of  azote,  0.2754;  and  of 
atmospheric  air,  0.2669;  a  di£ference  of  such  a  trifling  amount, 
that  it  has  been  conceived  the  quantity  of  caloric,  given  out  by 
oxygen  during  its  conversion  into  carbonic  acid,  would  be  insuffi- 
cient to  heat  the  residual  air,  that  is  expelled  in  breathing,  to  its 
ordinary  elevation.  Secondly.  The  one  or  two  degrees  of  eleva- 
tion of  temperature,  which  appears  to  occur  in  the  conversion  of 
venous  into  arterial  blood,  although  generally  believed  in,  is  not 
assented  to  by  all.  The  experiments  instituted  on  this  point  have 
been  few  and  imprecise.  Thirdly,  M.  Dulono,— on  repeating  the 
experiments  of  Lavoisier  and  La  Place,  for  comparing  the  quan- 
tities of  caloric  given  off  by  animals,  in  the  calorimeter,  with  those 
that  would  result  from  the  carbonic  acid  formed  during  the  same 
time  in  their  respiration, — did  not  attein  a  similar  result  The  quan- 
tity of  caloric,  disengaged  by  the  animals,  was  always  superior  to 
that  which  would  result  from  the  quantity  of  carbonic  acid  formed. 
Fourthly,  The  estimate  of  Crawford,  regarding  the  specific  heat 
of  venous  and  arterial  blood,  has  been  contested.  He  made  that  of 
the  former,  we  have  seen,  to  be  0.8928;  of  the  latter  L0300.  The 
result  of  the  experiments  of  Dr.  John  Davy  give  0.903  to  the 
former,  and  0. 913  to  the  latter;  and  in  another  case,  which  has  been 
adopted  by  Magendie,  the  specific  heat  of  the  venous  was  greater 
than  that  of  the  arterial  blood,  in  the  proportion  of  ,^52  to  .839. 
Granting,  however,  that  the  case  is  as  stated  by  Crawford,  it  is 
insufficient  to  explain  the  phenomena.  Legallois  has,  indeed, 
attempted  to  show  that  if  the  whole  of  the  caloric,  set  free  in  the 
manner  mentioned^  were  immediately  absorbed,  it  would  be  insuf- 
ficient for  the  constitution  of  the  arterial  blood;  and  that,  instead 
of  the  lung  running  the  risk  of  being  calcined,  it  would  be  threat- 
ened with  congelation. 

But  the  theory  of  Crawford  was  most  seriously  assailed  by 
other  experiments,  tending  to  show  that  the  function  of  calorifi- 
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ettion  is  derived  fVom  the  great  nervous  centres.  When  an  animal 
18  decapitated,  or  when  the  spinal  marrow,  or  the  brain,  or  both,  are 
destroyed,  we  have  seen  that  the  action  of  the  heart  may  be  still 
kept  up,  provided  the  lungs  be  artificially  inflated.  In  such  cases, 
it  IB  found,  that  the  usual  change  in  the  blood,  from  the  venous  to 
the  arterial  state,  is  produced ;  oxygen  is  absorbed  and  carbonic 
acid  exhaled  as  usual.  Mr.  Brodie,  in  performing  this  experiment, 
directed  his  attention  to  the  point,  whether  animal  heat  is,  under 
such  circumstances,  evolved,  and  the  temperature  maintained,  as 
where  the  brain  and  spinal  marrow  are  entire ;  and  he  found,  that 
although  the  blood  appeared  to  undergo  its  ordinary  changes,  the 
generation  of  animal  heat  seemed  to  be  suspended ;  and  conse- 
quently, if  the  inspired  air  happened  to  be  colder  than  the  body, 
the  effect  of  respiration  was  to  cool  the  animal ;  so  that  an  animal, 
on  which  artificial  respiration  was  kept  up,  became  sooner  cold 
than  one  killed  at  the  same  time  &nd  left  undisturbed. 

The  inference,  deduced  from  these  experiments,  was,  that  in- 
stead of  circulation  and  respiration  maintaining  the  heat,  they 
dissipate  it;  and  that  as  the  heat  is  diminished  by  the  destruction 
of  the  nervous  centres,  its  disengagement  must  be  ascribed  to  the 
action  of  those  centres,  and  particularly  to  that  of  the  encephalon. 

M.  Chossat  has  endeavoured  to  discover  the  precise  part  of  the 
nervous  system  engaged  in  clilorification ;  but  the  results  of  his  ex- 

S^riments  have  not  been  such  as  to  induce  him  to  refer  it  witii 
ROBis  to  the  encephalon. 

He  divided  the  brain,  anterior  to  the  pons  varolii,  in  a  living 
animal,  so  that  the  eighth  pair  of  nerves  were  uninjured.  Respira- 
tion, consequently,  continued,  and  inflation  of  the  lungs  was  un- 
necessary. Notwithstanding  this  serious  mutilation,  the  circulation 
also  went  on ;  and  Chossat  observed  distinctly,  that  arterial  blood 
circulated  in  the  arteries.  Yet  the  temperature  of  the  animal  gra- 
dually sank,  from  104°  Fahr., — its  elevation  at  the  commence- 
ment of  the  experiment, — ^to  76%  in  twelve  hours,  when  the  ani- 
mal died.  It  seemed  manifest  to  M.  Chossat,  that  from  the  time 
that  the  brain  was  divided,  heat  was  no  longer  given  off,  and  the 
body  gradually  cooled  as  it  would  have  done  after  death.  Farther 
than  this,  he  noticed,  that  the  time  at  which  the  refrigeration  oc- 
curred most  rapidly  was  that  in  which  the  circulation  was  most 
active, — at  the  commencement  of  the  experiment  In  other  expe- 
riments, M.  Chossat  paralyzed  the  action  of  the  brain  by  a  violent 
concussion,  and  by  injecting  a  strong  decoction  of  opium  into  the 
jugular  vein, — ^keeping  up  respiration  at  the  same  time  artificially. 
The  results  were  the  same.  From  these  experiments  he  drew  the 
conclusion  that  the  brain  has  a  direct  influence  over  the  production 
of  heat 

Hii  next  experiments  were  directed  to  the  discovery  of  tiie 
medium  through  which  the  brain  acts, — the  eighth  pair  of 
nerves^  or  spinid  marrow.  He  divided  the  eighth  pair  of  nerves  in 


188  CALORIflCATION. 

a  dogy  and  kept  up  artificial  respiration.  The  temperature 'of  the 
animal  sank  gradually,  and  at  the  expiration  of  sixty  hours  when 
the  animal  died,  it  was  reduced  to  68^  of  Fahbskheit.  Yet  the 
animal  did  not  die  of  asphyxia  or  of  suspension  of  the  pheno- 
mena of  respiration,  as  the  lungs  crepitated,  exhibited  no  signs  of 
infiltration,  and  were  partly  filled  with  arterial  blood.  It  appeared 
to  M.  Chossat  to  expire  from  cold.  As,  however,  the  mean  de- 
pression of  heat  was  less  than  in  the  preceding  experiments,  he  in- 
ferred, that  a  slight  degree  of  heat  is  still  disengaged  after  the  sec- 
tion of  the  eighth  pair,  whilst  after  injury  done  to  ue  brain  directly 
it  is  no  longer  given  ofil 

Again,  he  divided  the  spinal  marrow  beneath  the  occiput,  and 
although  artificial  respiration  was  maintained,  as  in  the  experiments 
of  Brodie,  the  temperature  gradually  fell,  and  the  animal  died  ten 
hours  afterwards,  at  a  heat  of  79° ;  and  as  death  occurred  in  this 
case  so  much  more  speedily  than  in  the  last,  he  inferred,  that  the 
influence  of  the  brain  over  the  production  of  heat  is  transmitted 
rather  by  the  spinal  marrow  than  by  the  eighth  pair  of  nerves. 

In  his  farther  experiments,  Chossat  found,  that  when  the  spinal 
marrow  was  divided  between  each  of  the  twelve  dorsal  vertebrae, 
the  depression  of  temperature  occurred  less  and  less  rapidly,  the 
lower  the  inte^rvertebral  section,  and  it  was  imperceptible  at  the 
lowest  I  he  therefore  concluded,  that  the  spinal  marrow  did  not  act 
directly  in  the  function,  but  indirectly  through  the  trisplanchnic 
nerve.  To  satisfy  himself  on  this  point,  he  opened  a  living  animal 
on  the  left  side,  beneath  the  twelfth  rib,  and  removed  the  supra- 
renal capsule  of  that  side,  dividing  the  trisplanchnic,  where  it  joins 
the  semilunar  plexus.  The  animal  gradually  lost  its  heat,  and  died 
ten  hours  afterwards  in  the  same  state  as  regarded  temperature  as 
when  the  spinal  marrow  was  divided  beneath  the  occiput. 

Desiring  to  obtain  more  satisfactory  results, — ^the  last  experiment 
applying  to  only  one  of  the  trisplanchnic  nerves, — he  tied  the  aorta, 
which  supplies  both  with  the  materials  on  which  they  operate,  be- 
neath the  place  where  it  passes  through  the  arch  of  the  diaphragm, 
at  the  same  time  preventing  asphyxia  by  inflation  of  the  lungs.  The 
animal  lost  its  heat  much  more  rapidly,  and  died  in  five  hours.  In  all 
these  cases,  the  animal,  according  to  Chossat,  died  of  cold ;  the  func- 
tion, by  which  th6  caloric,  constantly  abstracted  from  the  system  by 
the  surrounding  medium, isgenerated,having  been  rendered  imprac- 
ticable. To  have  a  medium  of  comparison,  he  killed  several  ani- 
mals by  protracted  immersion  in  cold  water,  when  he  found,  that 
the  lowest  degree,  to  which  the  warm-blooded  could  be  reduced  and 
life  yet  exist,  was  VQ''  of  Fahrenheit.  ^.  Chossat  also  alludes 
to  cases  of  natural  death  by  congelation,  which  he  conceives  to  de- 
stroy, in  the  manner  we  have  before  suggested,  by  diminution 
of  the  nervous  energy,  as  indicated  by  the  progressive  stupor,  and 
debility  of  the  chief  functions  of  the  animal  economy. 

Lastly, — On  killing  animals  suddenly,  and  attending  to  the  pro- 
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gress  of  refrigeration  after  death,  he  found  it  to  be  identical  with 
that  which  follows  direct  injury  of  the  brain,  or  division  of  the 
spinal  marrow  beneath  the  occiput 

A  view,  somewhat  analogous  to  this^  of  M.  Chossat,  has  been 
indulged  by  Sir  Eyerard  Home.  He  conceives,  that  the  phe-. 
nomenon  is  restricted  to  the  ganglionic  part  of  the  nervous  sys- 
tem, and  he  rests  the  opinion  chiefly  upon  the  position,  that  there 
are  certain  animals  which  have  a  brain,  or  some  part  equivalent  to 
it,  but  whose  temperature  is  not  higher  than  that  of  the  surround- 
ing medium;  whilst,  on  the  other  hand,  all  the  animals  that  evolve 
heat  are  provided  with  ganglia. 

The  doctrines  of  Brodie  and  Chossat  have  been  considered  by 
the  generality  of  the  chymists, — by  Brande,  Thomson,  and  Pa- 
ris,—as  completely  subversive  of  the  chymical  doctrines,  which  re- 
fer the  production  of  animal  heat  to  the  respiratory  function. 

Their  position, — ^that  it  is  a  nervous  function, — has,likewi8e,been 
confirmed  by  the  facts  attendant  upon  injury  done  to  the  nerves  of 
parts ;  and  by  what  is  witnessed  in  paralytic  limbs,  the  heat  of 
which  is  generally  and  manifestly  inferior  to  that  of  the  sound 
parts.  But  there  are  many  difficulties  in  the  way  of  admitting, 
that  the  nervous  system  is  the  special  organ  for  the  production  of 
animal  temperature.  Dr.  Wilson  Philip,  from  a  repetition  of  the 
experiments  of  Mr.  Brodie,  was  led  to  conclude,  that  the  cause 
why  the  temperature  of  the  animal  body  diminished  more  rapidly, 
where  artificial  inflation  was  practised,  than  where  the  animal  was 
left  undisturbed,  was  owing  to  too  large  a  quantity  «f  air  having 
been  sent  into  the  lungs;  and  he  found,  that  when  a  less  quantity 
was  used,  the  cooling  process  was  sensibly  retarded  by  the  infla- 
tion. The  experiments  of  Legallois,  Hastings,  and  Williams, 
although  diflering  from  each  other  in  certain  particulars,  corrobo- 
rate the  conclusion  of  Dr.  Philip,  and  what  is  singular,  would  ap- 
pear to  show,  that  the  temperature  occasionally  rises  during  the  ex- 
periment 

Many  of  the  facts,  detailed  by  Chossat,  are  curious,  and  exhibit 
the  indirect  agency  of  the  nervous  system,  but  his  conclusion,  that 
the  trisplanchnic  is  the  special  organ  for  its  development  is  liable 
to  the  objections  we  have  urged  regarding  the  theory,  which  looks 
upon  the  heart,  or  the  lungs  as  furnaces  for  the  disengagement  of  ca- 
loric, viz.  that  they  ought  to  be  consumed  in  a  short  space  of  time 
by  the  operation. 

All  these  facts  exhibit,  that,  in  the  upper  classes  of  animals,  the 
three  great  acts  of  inneiwation,  respiration  and  circulation  are  indi- 
rectly concerned  in  this  function ;  not  that  any  one  is  the  special 
apparatus.  M.  Edwards  has  attempted  to  show,  that  it  is  more 
connected  with  the  second  of  these  than  with  either  of  the  others. 
Thus,  animals,  whose  temperature  is  highest,  bear  privation  of  air 
the  least,  whilst  cold-blooded  animals  sufler  comparatively  little 
from  it;  and  young  animals  are  less  afiected  than  the  adult 
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The  greater  the  temperature  of  the  antmal,  and  the  nearer  to  the 
adult  age,  the  greater  is  the  consumption  of  oxygen;  and  he  far- 
ther observed,  that  whilst  the  seasons  modify  calorification,  they 
alBect  also  respiration  ;  and  that  if,  in  summer,  less  heat  is  elicit- 
ed, and  in  winter  more,  respiration  consumes  less  oxygen  in  the 
former  season  than  in  the  latter. 

That  innervation  is  indirectly  concerned  in  the  phenomenon  is 
proved  by  the  various  facts  that  have  been  referred  to ;  and  Ls- 
GALLois,  although  he  does  not  accord  with  Mr.  Brodie,  conceives 
that  the  temperature  is  greatly  under  the  influence  of  the  nervous 

Sstem,  and  that  whatever  weakens  the  nervous  power,  proportion- 
y  diminishes  the  capability  of  producing  heat  Dr.  Philip,  too, 
concluded  from  his  experiments,  that  the  nervous  influence  is  so 
intimately  connected  with  the  power  of  evolving  heat,  that  it  must 
be  looked  upon  as  a  necessary  medium  between  the  different  steps 
of  the  operation.  He  found,  that  if  the  galvanic  influence  be  ap- 
plied to  fresh  drawn  arterial  blood,  an  evolution  of  heat,  amounting 
to  three  or  four  degrees  takes  place,  whilst  the  blood  assumes  the 
venous  hue  and  becomes  partly  coagulated.  He  regards  the  pro- 
cess of  calorification  as  a  secretion;  and  explains  it  upon  his  gene- 
ral principle  of  the  identity  of  the  nervous  and  galvanic  influences, 
and  of  the  necessity  for  the  exercise  of  such  influence  in  the  func- 
tion of  secretion. 

Of  the  fact  of  the  circulation  being  necessary  to  calorification  we 
have  evidence  in  the  circumstance,  that  if  the  vessels,  proceeding 
to  a  part,  be  tied,  animal  heat  is  no  longer  disengaged  from  it 

It  is  manifest  then,  that  in  animals,  and  especially  in  the  warm- 
blooded, the  three  great  vital  operations  are  necessary  for  the  dis- 
engagement of  the  due  temperature,  but  we  have  no  sufficient  evi- 
dence of  the  direct  agency  of  any  one,  whilst  we  see  heat  elicited 
in  the  vegetable,  in  which  these  functions  are  at  all  events  rudi- 
mental ;  and  the  existence  of  one  of  them — innervation— more  than 
doubtful. 

The  view  of  those,  who  consider,  that  the  disengagement  of  ca- 
loric occurs  in  the  capillary  system  of  the  whole  of  the  body,  ap- 
pears to  us  the  most  consistent  with  observed  phenomena.  These 
views  have  varied  according  to  the  physical  circumstances,  that 
have  been  looked  upon  as  producing  heat  By  some,  it  has  been 
regarded  as  the  product  of  an  effervescence  of  the  blood  and  hu- 
mours; by  others,  as  owing  to  the  disengagement  of  an  igneous 
matter,  or  spirit  from  the  blood  ;  by  others  to  an  agitation  of  the 
sulphureous  parts  of  the  blood  ;  whilst  Boerhaave  and  Douglas 
ascribed  it  to  the  friction  of  the  blood  against  the  parietes  of  the 
vessels,  and  of  the  globules  against  each  other.  In  favour  of  the  last 
hypothesis,  it  was  urged,  that  animal  heat  is  in  a  direct  ratio  with 
the  velocity  of  the  circulation,  the  circumference  of  the  vessels, 
and  the  extent  of  their  surface ;  and  that  thus  we  are  able  to  explain, 
why  the  heat  of  parts  decreases  in  a  direct  ratio  with  their  distance 
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from  the  heart;  and  they  aceounted  for  the  greater  heat  of  the  arte- 
rial bloody  in  the  lungs,  by  the  supposition,  that  the  pulmonary  cir- 
culation is  far  more  rapid. 

Most  of  these  notions  are  entirely  hypothetical.  The  data  are 
generally  incorrect,  and  the  deductions  characteristic  of  the  faulty 
physics  of  the  period  in  which  they  were  indulged. 

The  correct  view,  it  appears  to  us,  is  that  embraced  by,  perhaps^ 
the  generality  of  physiologists,  who  admit  the  caloric  to  be  disen- 
gaged in  every  part,  by  a  special  action,  under  the  nervous  influ- 
ence, and  the  presence  of  arterial  blood ;  the  latter  either  furnish- 
ing Uie  materials,  or  merely  acting  as  a  stimulus.  In  this  manner, 
calorification  becomes,  like  nutrition,  a  function  executed  in  the 
capillary  system,  and  therefore  appropriately  considered  in  this 
place. 

It  is  by  this  theory  alone,  that  we  are  capable  of  accounting  for 
the  increased  heat  that  occurs  in  certain  local  diseases,  in  which 
the  temperature  exceeds,  by  several  degrees,  that  of  the  blood  in 
the  large  vessels. 

By  some,  it  has  been  doubted  whether,  in  cases  of  local  inflam- 
mation, any  such  augmentation  of  temperature  exists ,  but  the  error 
seems  to  have  arisen  from  the  temperature  of  the  part,  in  healthy 
having  generally  been  ranked  at  blood  heat;  whereas,  we  shall  find^ 
that  it  diflers  essentially  in  difierent  parts.  Dr.  Thomson  found, 
that  a  small  inflamed  spot,  in  his  right  groin,  gave  out,  in  the  course 
of  four  days,  a  quantity  of  heat,  sufficient  to  have  heated  seven 
wine-pints  of  water  from  40^  to  213°;  yet  the  temperature  was 
not  sensibly  less  than  that  of  the  rest  of  the  body  at  the  end  of  the 
experiment,  when  the  inflammation  had  ceased. 

Of  the  mode,  in  which  heat  is  evolved  in  the  capillaries,  it  is 
impossible  for  us  to  arrive  at  any  satisfactory  information.  The 
result  alone  indicates,  that  the  process  has  been  accomplished.  In 
the  present  state  of  our  knowledge,  we  are  compelled  to  refer  it  to 
some  vital  action,  of  the  nature  of  which  we  are  ignorant ;  but  which 
seems  to  be  possessed  by  all  organized  bodies, — vegetable  as  well  as 
animal. 

By  supposing,  that  calorification  is  efiected  in  every  part  of  the 
body,  we  can  understand  why  difierent  portions  should  have  dif- 
ferent temperatures;  as  the  activity  of  the  function  may  vary,  in  ' 
this  respect,  according  to  the  organ.  Chopart  and  Dessault 
found  the  heat  of  the  rectum  to  1^  100°;  of  the  axilla  and  groin^ 
when  covered  with  clothes,  96^;  and  of  the  chest,  92°.  Daw 
found  the  temperature  of  a  naked  man,  just  risen  from  bed,  to  be 
90°  in  the  middle  of  the  sole  of  the  foot;  93°  between  the  inner 
ancle  and  tendo  Achilles;  91.5°  in  the  middle  of  the  skin;  93°  in 
the  calf;  95°  in  the  ham;  91°  in  the  middle  of  the  thigh;  96.5°  in 
the  fold  of  the  groin;  95°  at  three  lines  beneath  the  umbilicus; 
94°  on  the  sixth  rib  of  the  left  side;  93°  on  the  same  rib  of  the  right 
side;  and  98°  in  the  axilla.     MM.  Edwards  and  Gentul  found 
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the  temperature  of  a  strong  adult  male,  to  be,  in  the  rectum  and 
mouth,  102^;  in  the  hands,  100'';  in  the  axillae  and  groins,  QS"";  in 
the  cheeks,  9T;  in  the  prepuce  and  the  feet,  96'',  and  in  the  chest 
and  abdomen,  95''. 

AU  these  experiments,  it  is  obvious,  concern  only  the  tempera- 
ture of  parts  which  can  be  readily  modified  by  the  circumambient 
medium.  To  judge  of  the  comparative  temperature  of  the  inter- 
nal organs,  Davt  killed  a  calf,  and  noted  the  temperature  of  dif- 
ferent parts,  both  external  and  internal.  The  blood  of  the  jugular 
vein  raised  the  thermometer  to  105°.  5;  that  of  the  carotid  artery 
to  107"*;  of  the  rectum  to  105°.5;  of  the  metatarsus  to  97°;  of  the 
tarsus  to  90°;  of  the  knee  to  102°;  of  the  head  of  the  femur  to  10S°; 
of  the  groin  to  104°;  of  the  under  part  of  the  liver  to  106°;  of  the 
substence  of  that  organ  to  106°;  of  the  lung  to  106°.5;  of  the  left 
ventricle  to  107°;  of  the  right  to  106°;  and  of  the  substance  of 
the  brain  to  104°.  It  is  not  easy  to  account  for  these  differences 
without  supposing,  that  each  part  has  the  power  of  disengaging 
its  own  heat;  and  that  the  communication  of  caloric  is  not  suffici- 
ently ready  to  prevent  the  difference  from  being  perceptible. 

We  have  stated,  early  in  this  section,  that  man  possesses  the 
power  of  resisting  cold  as  well  as  heat  within  certain  limits;  and 
of  preserving  his  own  temperature  greatly  unmodified.  Let  us 
inquire  into  the  direct  and  indirect  agents  of  these  counteracting 
influences. 

As  the  mean  temperature  of  the  warmest  regions  does  not  ex- 
ceed 85°  of  Fahrisnheit,  it  is  obvious  that  he  must  be  constantly 
disengaging  caloric  to  the  surrounding  medium: — still  his  tempera- 
ture remains  the  same.  This  is  effected  by  the  mysterious  agency, 
which  we  have  been  considering,  materially  aided,  however,  by 
several  circumstances  both  intrinsic  and  extrinsic  to  the  system. 

The  external  envelope  of  the  body  is  a  bad  conductor  of  caloric, 
and  therefore  protects  the  internal  organs,  to  a  certain  extent,  from 
the  sudden  influence  of  excessive  heat  or  cold.  The  cutaneous  sys- 
tem of  man  is,  however,  a  much  less  efficient  protection  than  that 
of  animals.  In  the  warm-blooded  animals,  in  general,  the  bo- 
dies are  covered  with  hair  or  feathers.  The  whale  is  destitute 
of  hair;  but  besides  the  protection,  which  is  afibrded  by  the  ex- 
traordinary thickness  of  its  skin,  and  the  stratum  ef  fat, — a  bad 
conductor  of  caloric, — with  which  the  skin  is  lined,  as  the  animal 
eonstantly  resides  in  the  water,  it  is  not  subjected  to  the  same 
vicissitudes  of  temperature  as  the  land  animals.  The  seals,  bears 
and  walruses,  which  seek  their  food  in  the  same  sea^,  sleep  on  land. 
They  have  a  coating  of  hair  to  protect  them.  In  the  case  of  some  of 
the  birds  of  the  genus  •Anas^  of  northern  regions,  we  meet  with  a 
singular  anomaly, — the  whole  of  the  circumference  of  the  anus  be- 
ing devoid  of  feathers;  but  to  make  amends  for  this  deficiency,  the 
animal  has  the  power  of  secreting  an  oleaginous  substance,  with 
which  the  surface  is  kept  constantly  smeared.  It  may  be  remarked 
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that  we  do  not  find  the  quantity  of  feathers  on  flie  bodies  of  birds 
to  be  proportionate  to  the  cold  of  the  climates  in  which  they  re- 
side^  as  is  pretty  universally  the  case  regarding  the  quantity  of 
hair  on  the  mammalia.  Man  is  compelled  to  have  recourse  to  cloth* 
ing,  for  the  purpose  of  preventing  the  sudden  abstraction  or  recep* 
tion  of  heat  This  he  does  by  covering  himself  with  substances, 
that  are  bad  conductors  of  caloric,  and  retain  an  atmosphere  next 
to  the  surface,  which  is  warmed  by  the  caloric  of  the  body.  He  is 
compelled,  also,  in  the  colder  seasons,  to  have  recourse  to  artifi- 
cial temperature. 

It  will  be  obvious,  from  what  Jbas  already  been  said,  that  the 
greater  the  degree  of  activity  of  any  organ  or  set  of  organs,  the 
greater  will  be  the  heat  developed;  and,  in  this  way,  muscular  ex- 
ertion and  digestion  influence  its  production. 

fiy  an  attention  to  all  these  points,  and  by  his  acquaintance  with 
the  physical  laws  relative  to  the  development  and  propagation  of 
caloric,  man  is  enabled  to  live  amongst  the  arctic  snows,  and  to 
exist  in  climates,  where  the  temperature  is  frequently,  for  a  length 
of  time,  upwards  of  140'^  lower  than  that  of  his  own  body.  The 
ingenious  contrivances,  adopted  in  the  polar  voyages,  under  the 
direction  of  Captain  Parrt,  are  monuments  of  ingenuity,  directed 
to  obviate  one  of  the  greatest  obstacles  to  prolonged  existence  in 
those  inhospitable  regions,  for  which .  man  is  naturally  incapaci- 
tated, and  attains  the  capability  solely  by  the  exercise  of  that  supe- 
rior intellect,  with  which  he  has  been  vested  by  the  author  of  his 
being. 

In  periods  of  intense  cold,  the  extreme  parts  of  the  body  do 
not  possess  the  necessary  degree  of  vitality  to  resist  congela* 
tion,  unless  they  are  carenilly  protected.  In  the  disastrous  expe- 
ditions of  Napoleon  to  Russia,  the  loss  of  the  nose  and  ears  was  a 
common  casualty;  and  in  arctic  voyages  frost-bites  occur .  in 
spite  of  every  care.  When  the  temperature  of  the  whole  body 
sinks  to  about  78^  or  79%  death  takes  place,  preceded  by  the  symp- 
toms of  nervous  depression,  that  have  been  already  depicted. 

The  counteracting  influence,  which  is  exerted,  when  the  body 
is  exposed  to  a  temperature  greatly  above  the  ordinary  standard  of 
the  animal,  is  as  difficult  of  appreciation  as  that  by  which  calorifi- 
cation is  efiected.  The  prolMibility  is,  that,  in  such  case,  the  dis- 
engagement of  animal  heat  is  suspended;  and  that  the  body  receives 
heat  from  without  by  direct,  but  not  by  rapid,  communication, 
owing  to  its  being  an  imperfect  conductor  of  caloric  Through  the 
agency  of  this  extraneous  heat  the  temperature  rises  a  limited  num- 
ber of  degrees;  but  its  elevation  is  checked  by  the  evaporation, 
constantly  taking  place  through  the  cutaneous  and  pulmonary  trans- 
pirations. For  this  last  idea,  we  are  indebted  to  Fbanxlin,  and  its 
truth  has  been  confirmed  by  others. 

MM.  BsaoBB  and  Ds  LARocHE,for  example,put  into  an  oven, — 
heated  to  from  120^  to  140% — a  frog,  one  of  those  porous  vessels, 
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called  alcarazaSy — which  permit  the  tramudatioii  of  the  flaid, 
within  theniy  through  their  sides, — ^filled  with  water  at  the  animal 
heat,  and  two  sponges,  imbibed  with  the  same  water.  The  tem- 
perature of  the  frog  at  the  expiration  of  two  hours,  was  99^ ;  and 
the  other  bodies  continued  at  the  same.  Having  substituted  a  rab- 
bit for  the  frog,  the  result  was  identical.  On  the  other  hand,  having 
placed  animals  in  a  warm  atmosphere,  so  saturated  with  humidity 
that  no  evaporation  could  occur,  they  received  the  oaloric  by  com- 
munication, and  their  temperature  rose ;  whilst  inert  evaporable 
bodies,  put  into  a  dry  stove,  became  but  slightly  warmed ; — ^much 
less  so,  indeed,  than  the  warm-blooded  animals  in  the  moist  stove. 

Hence  they  concluded,  that  evaporation  is  one  of  the  great  refri- 
gerative  agents,  when  the  body  is  exposed  to  excessive  heat ;  and 
this  conclusion  is  confirmed  by  the  loss  in  weight,  whidi  animals 
sustain  by  the  experiment 

Dr.  Edwards,  in  his  experiments  on  the  influence  of  physical 
aeents  on  life,  found,  that  warm-blooded  animals  have  less  power 
of  producing  heat,  after  they  have  been  exposed  for  some  time  to 
an  elevated  temperature,  as  in  summer, — whilst  the  opposite  effect 
occurs  in  winter.  He  instituted  a  series  of  experiments,  which 
consisted  in  exposing  birds  to  the  influence  of  a  freezing  mixture, 
first  in  February,  and  afterwards  in  July  and  August^  and  observ- 
ing in  what  degree  they  were  cooled  by  remaining  in  this  situation 
for  equal  lengths  of  time ;  the  result  of  which  was,  that  the  same 
kind  of  animal  was  cooled  six  or  eight  times  as  much  in  the  sum- 
mer as  in  the  winter  months.  This  principle  he  presumes  to  be  of 
great  importance  in  maintaining  the  regularity  of  the  temperature 
at  the  different  seasons ;  even  more  so  than  evaporation,  the  effect 
of  which,  in  this  respect,  he  thinks  has  been  greatly  exaggerated. 

When  exposed  to  high  atmospheric  temperature,  the  ingenuity 
of  man  has  to  be  as  much  exerted  as  in  the  opposite  condition. 
The  clothing  must  be  duly  regulated  according  to  physical  princi- 
ples, and  perfect  quietude  be  observed,  so  that  undue  activity  of 
any  of  the  organs  that  materially  influence  the  disenga^ment  of 
animal  heat,  may  be  prevented. 

It  is  only  within  limits,  that  this  refrigeratory  action  is  sufficient 
At  a  certain  degree,  the  transpiration  is  inadequate,  the  tempera^ 
ture  of  the  animal  rises,  and  death  supervenes. 
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Ws  have  yet  to  describe  an  important  and  maltiple  function^ 
which  takes  place  in  the  very  tissue  of  our  organs — in  the  capillary 
system, — and  which  separates  from  the  blood  the  various  humours 
of  the  body.  This  is  the  function  of  secretion^ — a  term  which  has 
been  applied  both  to  the  operation  and  the  product  Thus,  the 
liver  is  said  to  separate  the  bile  from  the  blood  by  an  action  of  se^ 
cretion,  and  the  bile  is  said  to  be  a  secretion. 

The  organs  that  execute  the  various  secretory  operations,  differ 
greatly  from  each  other.  They  have,  however,  been  grouped  by 
anatomists  in  three  classes,  each  of  which  will  require  a  general 
notice. 

Anatomy  of  the  Secretory  ^Spparatus. 

The  secretory  organs  have  been  divided  into  exhalantjfollicU' 
lar^  and  glandular. 

The  remarks  made  respecting  the  exhalant  vessels,  under  the 
head  of  nutrition,  will  render  it  unnecessary  to  allude,  in  this 
place,  to  any  of  Uie  apochryphal  descriptions  of  them,  especially 
as  their  very  existence  is  supposititious.  Many,  indeed,  imagine 
them  to  be  nothing  more  than  the  minute  radicles  of  ordinary  ar- 
teries. 

The  follicle  or  crypt  has  the  form  of  an  ampulla  or  vesicle,  and 
is  situated  in  the  substance  of  the  skin  and  mucous  membranes^  se- 
creting a  fluid  for  the  purpose  of  lubricating  those  parts.  In  the 
exhalant  vessel,  the  secreted  fluid  passes  immediately  from  the 
blood-vessel,  without  being  received  into  any  excretory  duct;  and 
in  the  follicle  there  is  essentially  no  duct  specially  destined  for 
the  excretion  of  the  humour. 

The  follicle  is  membranous  and  vascular,  having  an  internal  ca- 
vity in  which  the  secretion  is  accomplished;  and  the  product  is 
poured  upon  the  sur£atce,  beneath  which  it  is  situated,  either  by  a 
central  aperture,  or  by  a  very  short  duct — ^if  duct  it  can  be  called — 
termed  a  lacuna. 

The  gland  is  of  a  more  complex  structure  than  the  last  It  con- 
sists of  an  artery,  which  conveys  Uood  to  it;  of  an  intermediate 
body, — the  gland,  properly  so  called, — and  of  an  excretory  duct 
to  carry  off  the  secreted  fluid,  and  pour  it  on  the  surface  of  the 
skin  or  mucous  membranes.  The  blood-vessel,  which  conveys  to 
the  ^and  the  material  from  which  the  secretion  has  to  be  operated, 
enters  the  organ  at  times  by  various  branches;  at  others,  by  a 


single  imak,  and  ramtfiee  in  the  tissue  of  the  gland;  commnni- 
cating  at  its  eztremitieB  with  the  origins  of  the  veins  and  of  the  ex- 
cretory ducts.  These  ducts  arise  by  fine  radicles  at  the  part  where 
the  arterial  ramifications  terminate;  and  they  unite  to  form  larger 
and  less  numerous  canals,  until  they  terminate  in  one  large  duet, 
as  in  the  pancreas ;  or  in  several,  as  in  the  lachrymal  gland  ;  the 
duct  generally  leaving  the  gland  at  the  part  where  the  blood-ves- 
sel enters.  Of  this  we  have  a  good  exemplification  in  the  kidney, 
(see  Fig.  183.) 

Besides  these  vessels,  veins  exist,  which  communicate  with  the 
vessels  that  convey  blood  to  the  gland,  both  for  the  formation  of 
the  humour  and  the  nutrition  of  the  organ,  and  return  the  resi- 
duary blood  to  the  heart  Lymphatic  vessels  likewise  exist;  and 
nerves,  which  proceed  from  the  ganglionic  system,  form  a  net- 
work aronnd  the  secreting  arteries,  as  in  Fig.  ISO,  accompany  them 
int6  the  interior  of  the  organ,  and  terminate,  like  them,  invisibly. 

Fig.  180. 
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BoRDET7  was  of  opinion,  that  the  glands,  judging  from  the  paro- 
tid, are  largely  supplied  with  nerves.  The  nerves,  however,  do  not 
all  belong  to  it,  merely  crossing  it  in  their  course  to  other  parts. 
BiCHAT,  from  the  small  number  sent  to  the  liver,  was  induced  to 
draw  opposite  conclusions  to  those  of  Bohdkt7. 

These  may  be  looked  upon  as  the  great  components  of  the  glan- 
dular structure,  along  with  cellular  membrane,  to  bind  them  toge- 
ther, and,  at  times,  an  outer  envelope. 
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The  intimate  texture  of  these  organs  has  been  a  topie  of  much 
speculation.  It  is  generally  considered,  that  the  final  ramifications 
of  the  arterial  vessels,  with  the  radicles  of  the  veins  and  excretory 
ducts^and  the  final  ramifications  of  the  lymphatic  vessels  and  nerves, 
form  so  many  small  lobules,  composed  of  minute,  granular  mass^ 
Such,  indeed,  is  the  appearance  the  texture  presents,  when  exa- 
mined by  the  naked  eye.  Each  lobule  is  conceived  to  contain  a 
final  ramification  of  the  vessel  or  vessels  conveying  blood  to  the 
organ,  a  nerve,  a  vein,  a  lymphatic,  and  an  excretory  duct, — ^with 
eellular  tissue  binding  them  together.  When  the  organ  has  an  ex- 
ternal membrane,  it  usually  forms  a  sheath  to  the  various  ves- 
sels. The  k)bate<l  structure  is  not,  however,  equally  apparent  in 
all  the  glands.  It  is  well  seen  in  tiie  pancreas,  and  in  the  salivary 
and  lachrymal. 

The  precise  mode  in  which  the  blood-vessel,  from  the  blood 
of  which  the  secretion  is  efiected,  communicates  with  the  excre- 
tory duct,  does  not  admit  of  detection.  Some  have  supposed,  that 
between  the  termination  of  the  blood-vessel  and  the  commence- 
ment of  the  duct,  a  secretory  vessel,  specially  charged  with  the 
function,  exists,  which  conveys  the  secreted  humour  into  the  ex- 
cretory duct  Of  this,  however,  we  have  no  evidence;  and  t|ie 
existence  of  any,  except  the  minute  capillary  vessel,  appears  need- 
less. 

Malpiohi  maintained,  that  such  glands  as  the  liver  are  com- 
posed of  very  minute  bodies,  called  acinic  from  their  resemblance 
to  the  stones  of  grapes;  that  these  acini  are  hollow  internally,  and 
are  covered  externally  by  a  net-work  of  blood-vessels;  and  that 
these  minute  blood-vessels  pour  into  the  cavities  of  the  acini  the 
secreted  fluid,  from  which  it  is  subsequentiy  taken  up  by  the  ex- 
cretory ducts. 

RuTscH,  however,  satisfied  himself,  that  the  acini  of  Malpiohi 
are  merely  convoluted  vessels,  and  that  they  are  continuous  with 
the  excretory  ducts.  In  Malpighi^s  view,  the  secretory  organ  is 
a  mere  collection  of  follicles:  in  Rutsgh's,  simply  an  exhalant 
membrane  variously  convoluted.  The  latter  is  the  view  almost 
universally  embraced  by  the  anatomist  and  physiologist  '^  The 
chief,  if  not  the  only  difierence,''  says  Sir  Charles  Bell,  ^^  be- 
tween the  secreting  structure  of  glands  and  that  of  simple  surfaces, 
appears  to  consist  in  the  difierent  number  and  the  different  arrange- 
ment of  their  capillary  vessels.  The  actual  secreting  organ  is  in 
both  cases  the  same,— -capillary  blood-vessel ;  and  it  is  uncertain 
whether  either  its  peculiar  arrangement,  or  greater  extent  in  glan- 
dular texture,  be  productive  of  any  other  effect  than  that  of  fur- 
nishing the  largest  quantity  of  blood-vessels  within  the  smallest 
space.  Thus  convoluted  and  packed  up,  secreting  organ  may  be 
procured  to  any  amount  that  may  be  required,  without  the  incon- 
veniences of  bulk  and  weight'' 

It  is  manifest,  then,  that  the  three  classes  of  secreUnry  organs, 
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however  different  they  may  appear  to  be,  are  essentially  varieties 
of  the  same  stnictare;  that  the  capillary  vessel  is  the  important 
agent  of  the  secretion ;  that  the  simplest  form  of  the  secretory  ap- 
paratus is  this  simple  capillary  vessel ;  and  that  the  follicles  and 
glands  are  structures  of  a  more  complex  organization. 

Physiology  of  Secretion. 

The  uncertainty  which  rests  upon  the  intimate  structure  of  se- 
creting organs,  and  upon  the  mode  in  which  the  different  blood- 
vesseb  communicate  with  the  commencement  of  the  excretory 
duct,  envelopes  the  function,  executed  by  those  parts,  in  obscurity. 
We  see  the  pancjneatic  artery  pass  to  the  pancreas,  ramify  in  its 
tissue,  become  capillary,  and  escape  detection;  and  we  see  other 
vessels  becoming  larger  and  larger,  and  emptying  themselves  into 
vessels  of  greater  magnitude,  until,  ultimately,  all  the  secreted  hu- 
mour is  contained  in  one  large  duct,  which  passes  onwards  and 
discharges  its  fluid  into  the  small  intestine.     Yet  if  we  follow  the 

Eancreatic  artery  as  far  as  the  eye  can  carry  us,  even  ^en  aided 
y  glasses  of  considerable  magnifying  power,  or  if  we  trace  back 
the  pancreatic  duct  as  far  as  is  practicable,  we  find,  in  the  form^ 
vessel,  always  arterial  blood,  and,  in  the  latter,  always  pancreatic 
juice.  It  must,  consequently,  be  between  the  part  at  which  the 
artery  ceases  to  be  visible,  and  the  pancreatic  duct  becomes  so,  that 
secretion  is  effected ;  and  we  cut  the  knot  by  asserting,  that  it  oc- 
curs in  the  very  tissue,  parenchyma,  or  in  the  capillary  system  of 
the  secretory  organ. 

Conjecture,  in  the  absence  of  positive  knowledge,  has  been  busy, 
at  all  times,  in  attempting  the  explanation  of  the  mysterious  agency 
by  which  we  find  such  various  humours  separated  from  the  same 
fluid;  and,  according  as  chymical,  or  mechanical,  or  vital  doctrines 
have  prevailed  in  physiology,  the  function  has  been  referred  to  one 
or  other  of  those  agencies. 

The  general  belief,  amongst  the  physiologbts  of  the  sixteenth 
and  seventeenth  centuries,  was,  that  each  gland  possesses  a  pecu- 
liar kind  of  fermentation,  which  assimilates  to  its  own  nature  the 
blood  passing  through  it  The  notion  of  fermentation  was,  indeed, 
applied  to  most  of  the  vital  phenomena.  It  is  now  totally  abandon- 
ed, owing  to  its  being  purely  imaginary,  and  inconsistent  with  all 
our  ideas  of  the  vital  operations.  When  this  notion  passed  away^ 
and  the  fashion  of  accounting  for  physiological  phenomena  on  me- 
chanical principles  usurped  its  place,  the  opinion  prevailed,  that 
the  secretions  are  operated  through  tihe  glands  as  through  filters. 
To  admit  of  this  mechanical  result,  it  was  maintained,  that  all  the 
secreted  fluids  exist  ready  formed  in  the  blood,  and  that  when  they 
respectively  arrive  at  the  different  secretory  organs,  they  pass 
through,  and  are  received  by  the  excretory  ducts. 
DxscARTSs  and  Lxibnitz  were  warm  supporters  of  this  mecha- 
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Dieal  doctrine,  although  their  views  differed  materially  with  regard 
to  the  precise  nature  of  the  operation.  Descabtes  supposed,  that 
the  particles  of  the  various  humours, are  of  different  shapes,  and 
that  the  pores  of  the  glands  have  respectively  a  corresponding 
figure;  so  that  each  gland  permits  those  particles  only  to  pass 
through  it,  which  have  the  shape  of  its  pores.  Leibnitz,  on  the 
other  hand,  likened  the  glands  to  filters,  which  had  their  pores 
saturated  with  their  own  peculiar  substance,  so  that  they  admitted 
this  substance  alone  to  pass  through  them,  and  excluded  all  others,— « 
as  pap^,  saturated  with  oil,  will  prevent  the  filtration  of  water,  and 
trice  versa. 

The  mechanical  doctrine  of  secretion  was  taught  by  Malpiohi 
and  by  Bosbhaave  and  continued  to  prevail  even  till  the  time 
of  Haller.  All  the  secretions  were  conceived  to  be  ready  form- 
ed in  the  blood,  and  the  glands  were  looked  upon  as  sieves  or 
strainers  to  convey  off  the  appropriate  fluids  or  humours.  In  this 
view  of  the  subject,  all  secretion  was  a  transudation  through  the 
eoats  of  the  vessels, — the  blood  globules  of  various  sizes  passing 
through  pores  adapted  to  them. 

The  mechanical  doctrine  of  transudation,  in  this  shape,  is  founded 
upon  supposiUtious  data;  and  the  whole  facts  and  arguments  are 
so  manifestly  defective,  that  no  refutation  is  necessary.  It  is  now, 
indeed,  wholly  abandoned.  MM.  Magendie  and  Fodera  have, 
however,  revived  the  mechanical  doctrine  of  late  years,  but  under 
an  essentially  different  form ;  and  one  applicable  especially  to  the 
exhalations. 

The  former  gentleman,  believing  that  many  of  the  exhalations 
exist  ready  formed  in  the  blood,  thinks  that  the  character  of  the' 
exhaled  fluid  is  dependent  upon  the  physical  arrangement  of  the 
small  vessels,  and  his  views  repose  upon  the  following  experi- 
nents. 

If,  in  the  dead  body,  we  inject  warm  water  into  an  artery  pass- 
ing to  a  serous  membrane,  as  soon  as  the  current  is  established  from 
the  artery  to  the  vein,  a  multitude  of  minute  drops  are  observed 
oozing  through  the  membrane,  which  speedily  evaporate. 

If,  again,  a  solution  of  gelatine,  coloured  with  vermilion,  be  in- 
jected into  all  the  vessels,  it  will  often  happen,  that  the  gelatine  is 
deposited  around  the  cerebral  convolutions,  and  in  the  anfractuosi- 
ties,  without  the  colouring  matter  escaping  from  the  vessels,  whilst 
the  latter  is  spread  over  the  external  and  internal  soiface  of  the 
choroid.  If  again,  linseed  oil,  also  coloured  with  vermilion,  form 
the  matter  of  the  injection,  the  oil,  devoid  of  colouring  matter  is 
deposited  in  the  articulations  furnished  with  large  synovial  cap- 
sules, whilst  no  transudation  takes  place  at  the  surface  of  the  brain, 
or  in  the  interior  of  the  eye. 

Magendie  asks,  if  these  are  not  instances  of  true  secretion 
taking  place  po^/  mortem^  and  evidently  dependent  upon  the  phy- 
sical arrangement  of  the  small  vessels ;  and  whether  it  is  not  ex- 
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tremdy  probablei  that  the  89me  arrangement  must^  itLpait  at  leasts 
preside  over  exhalation  during  life? 

FopERAy  to  wboae  experiments  on  the  imbibition  of  tlssuea  we 
bad  occasion  to  allude  under  the  heqd  of  absorption,  embraces  the 
yiews  of  Magsndis.  If  the  vessels  of  a  dead  body,  he  remarks, 
be  injected,  the  substance  of  the  injection'  is  seen  oozfng  through 
«  the  vessels  4  and  if  an  artery  and  a  yein  be  exposed  in  a  living  ani- 
mal, a  similar  oozing  through  the  patietes  is  observable.  This  is 
more  manifest  if  the  trunk,  whence  the  artery  originates,  be  tied ; 
the  fluid  being  occasionally  bloody.  If  the  jugular  veins  be  tied, 
not  only  oedema  occurs  in  the  parts  above  the  ligatures,  bat  there 
is  an*  increase  of  the  salivary  secretion. 

It  is  not  necessary  to  adduce  the  various  experiments  of  Fodc- 
BA,  relating  to  this  topic,  or  ihqse  of  Lawrence,  Coates  and 
Harlan,  or  of  Dutrochet,  Toono,  Mitchell  and  others.  They 
are  of  precisely  the  same  character  as  those  that  we  have  pre- 
viously described  regarding  the  imbibition  of  tissues ;  and  transu- 
dalion  is  only  imbibition  or  soaking  from  without  to  within;  Ma- 
GENDiE  and  Fodera,  indeed,  conclude,  that  one  primary  phy- 
sical cause  of  exhalation  is  the  same  as  that  of  absorption,  namely, 
imbibition. 

Another  physical  catise,  adduced  by  Mag^ndie,  is  the  pressure 
experienced  by  the  blood  in  the  circulatory  system ;  which,  he 
conceives,  contributes  powerfully  tb  cause  the  more  aqueous  part 
to  pass  through  the  coats  of  the  vessels.  If  water  be  forcibly  in* 
jected,  by  means  of  a  syringe,  into  an  artery,  all  the  surfaces,  to 
which  tt^e  vessel  is  distributed,  as  well  as  the*larger  branches  and 
the  thmk  itoelf,  exhibit  the  injected  fluid  oozidg  in  greater  abnn* 
dance,  according  to  the  force  exerted  iif*the  injection. 

He  farther  remarks,  if  water  be  injected  into  the  veins  of  an  ani- 
mal, in  sufficient  quantity  to  double  or  treble  the  natural  amount  of 
blood,  a  considerable  distention  of  the  circulatory  organs  is  pro- 
duced; and,  consequendy,  the  pressur;pf  experienced  by  the  circu- 
lating fluid,  is  largdy  augumented.  If  Uny  serous.  memlHiine  be 
now  examined, — aa  the  peritoneum, — a  serous  fluid  is  observed 
issuing  rapidly  from  its  surface,  whicli  accumnlates  in  the  cavity, 
and  produces  a  true  dropsy  under  the  eyes  of  the  experimentor, 
and,  occasionally)  the  colouring  part  of  the  blood  transudes  at  the 
sur&ce  of  certain  organs,  as  the  liver,  spleen,  &c. 

Hamber^^sb,  again,  broached  the  untenable  physical  hypothesis, 
that  each  secreted  humour  is  deposited  in  its  propra*  secretory  or- 
gan, h/y  virtue  of  its  specific  gravity. 

It  is  obvious,  that  all  these  speculations  proceed  tipon  the  belief, 
that  the  exhalations  exist,  ro^dy  formed  in  the  blood ;  and  that, 
consequently,  the  act  of  secretion,  so  far  a^  concerns  them,  is  one 
of  separation  or  of  flM!eming,T-not  of  fresh  formation. 

That  this  if  the  case  with  the  more  aqueous  secretions  is  proba- 
ble, and  not  impossible  with  regard  to  the  rest  Organic  chymistry 


THEORIES  OF  SECRETION.  •  Ml 

iSy  however,  sobjeet  to  more  difficultiei  in  the  way  of  analyst  thtn 
inorganic  ;  and  it  cau  be  readily  UDderstood,  that  in  a  fluid  00  be- 
terogeneous  as  the  blood,  the  discovery  of  any  distinct  humoar  may 
be  impracticable.  Of  course,  .the  elements  of  every  fluid,  as  well 
as  solid,  must  be  coutained  in  it;  and  we  have  already  seeu,  that 
not  merely  the  inorganic  elements,  but  the  organic  or  compouuds 
of  organization,  have  beeu  detected  by  the  labours  of  Chevreul  aud 
others. 

There  are,  however,  some  singular  facts  connected  with  thissub* 
jeet  MM.  Prevost  and  Dumas  having  removed  the  kidneys  in 
cats  and  dogs,  and  afterwards  analyzed  the  blood,  found  urea  in  it«~ 
the  characteristic  element  of  urine.  This  principle  was  contained 
in  greater  quantity,  the  longer  the  period  that  had  elapsed  after  the 
operation ;  whilst  it  cannot  be  detected  in  the  blood,  where  the 
kidneys  exist. 

The  experiment  was  afterwards  repeated  by  Sboalas  with  the 
same  results.  He  also  introduced  urea  into  the  veins  of  an  animal, 
whose  kidneys  were  left  untouched,  and  was  unable  to  detect  the 
principle  in  the  Uood;  but  the  urinary  secretion  was  largely  aug- 
mented after  the  injection.  Whence  he  concludes  that  urea  is  an 
excellent  diuretic 

Adslon,  too,  asserts,  that  since  their  experiments  on  urea,  MM. 
Prbvost  and  Dumas  are  said-to  have  found  the  principles  of  other 
secreted  humours  in  the  blood,  after  the  secretory  organs  of  the  re- 
spective humours  had  been  removed  in  the  living  animal;  and  it 
has  been  asserted,  that  after  having  extirpated  the  testicles  of  a  frog, 
artificial  fecundation  has  been  eflfected  with  the  blood  of  the  animal ; 
and  that  after  the  removal  of  the  mammse  in  animaH,  sugar  of  milk 
has  been  detected  in  the  btood. 

These  are  singular  facts,  entirely  inexplicable  in  the  existing  stato 
of  our  knowled^,  under  the  doctrines  of  simple  mechanical  filtration 
or  transudation,  and  unlike  any  physical  process,  which  can  be 
imagined. 

The  doctrines  of  filtration  and  transudation  can  apply  only  to 
those  exhalations,  in  which  the  humour  has  undergone  no  apparent 
change ;  and  it  is  obviously  fanpossible  to  specify  these,  in  the  im- 
perfect stato  of  our  means  of  analysis.  In  the  ordinary  aqueous  se- 
cretions, simple  transudation  may  embrace  the  whole  process;  and, 
therefore,  it  is  unnecessary  to  have  recourse  to  any  other  explana- 
tion; especially  after  the  experiments  Institoted  by  Maoemdis, 
sopported  by  the  pathological  observations  of  Bouillaui>  of  Pa- 
ris, Dr.  D.  Davis  of  the  London  University,  Ribss,  Velpeau,  and 
others.  BounxAUD  found,  that  partial  oedema  of  the  legs  was  con- 
stantly accompanied  by  more  or  less  complete  obliteration  of  the 
veins  of  the  infitarated  part^«-the  vessels  bemg  obstructed  by  fibrin- 
ous coagula,  or  compressed  by  circumjacent  tumours;  and  he  sug- 
gests, that  ascites  or  dropsy  of  the  lower  belly  is  frequently  occa- 
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lioiied  by  obstruction  of  the  portal  cireulation  in  the  liver.  In  thi^ 
way,  we  can  account  for  the  numerous  cases  in  which  we  find  a 
union  of  hydropic  and  hepatic  affections  in  the  same  individual. 

The  same  pathological  doctrine,  founded  on  direct  observation, 
has  been  extended  to  phlegmatia  dolens,  or  swelled  leg;  an  afieo- 
tion  occurring  in  the  puerperal  state,  and  which  has  been  found 
connected  with  obstruction  in  the  great  veins  that  convey  the  blood 
back  from  the  lower  extremity. 

The  generality  of  physiologists  have  regarded  the  more  complex 
secretions— the  follicular  and  the  glandular — as  the  results  of  chy- 
mical  operations;  and  under  the  view,  that  they  do  not  exist  ready 
formed  in  the  blood,  and  that  the  elements  alone  are  contained  iiv 
that  fluid,  it  is  impossible  not  to  admit  that  chymical  agency  roust 
be  exerted. 

In  support  of  the  chymical  Hypothesis,  which  has  appeared  un- 
der various  forms, — some,  as  Kbill,  presuming  that  the  secretions 
are  formed  in  the  blood,  before  they  arrive  at  the  place  appointed 
for  secretion,  others,  that  the  change  is  effected  in  the  glands  them* 
selves, — the  fact  of  the  formation  of  a  number  of  substances  from  a 
very  few  elements,  provided  these  are  united  in  different  propor- 
tions, has  been  invoked.  For  example,  take  the  elementary  bodies, 
oxygen  and  azote.  These,  in  one  proportion,  compose  atmos- 
pheric air;  in  another,  nitrous  oxide ;  in  another,  nitric  oxide ;  in  a 
fourth,  hyponitrous  acid;  in  a  fifth,  nitrous  acid,  and  in  a  sixth,  ni- 
tric acid;  substances  which  differ  as  much  as  the  various  secretions 
differ  from  each  other  and  from  the  blood. 

Many  of  thexompounds  of  organization  likewise  exhibit  by  their 
elementary  confposition,  that  but  a  slight  change  is  necessary,in  order 
that  they  shall  be  converted  into  each  other.  Dr.  Prout  has  exhi- 
bited this  close  alliance  between  three  substances — urea,  lithic 
acid  and  sugar — and  has  shown  how  they  may  be  converted  into 
each  other,  by  the  addition  or  subtraction  of  single  elements  of  their 
constituents.  Urea  is  composed  of  two  atoms  of  hydrogen,  and  one 
of  carbon,  oxygen  and  azote  respectively:  by  removing  one  of  the 
atoms  of  hydrogen  and  the  atom  of  nitrogen,  it  is  converted  into 
sugar,  or,  by  adding  to  it  an  additional  atom  of  carbon,  into  lithic  acid. 

BosTocK, — who  is  disposed  to  push  the  application  of  chy mistry  to 
the  explanation  of  the  functions  as  far  as  possible, — to  aid  us  in  con- 
ceiving how  a  variety  of  substances  may  be  produced  from  a  single 
compound,  by  the  intervention  of  physical  causes  alone,  supposes 
the  case  of  a  quantity  of  the  materials  adapted  for  the  vinous  fer- 
mentation, being  allowed  to  flow  from  a  reservoir,  through  tubes  of 
various  diameters,  and  with  various  degrees  of  velocity.  ^  If  we 
were  to  draw  off  portions  of  this  fluid  in  different  parts  of  its  course 
or  from  tubes,  which  differed  in  their  capacity,  we  should,  in  the 
first  instance,  obtain  a  portion  of  unfermented  syrup ;  in  the  next, 
we  should  have  a  fluid  in  a  state  of  incipient  ^mentation;  in  a 
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third,  the  complete  vinous  liquor;  while,  in  a  fourth,  we  mirht 
have  aeetous  acid/'  Any  explaoatioD,  however,  founded  upoD  wis 
loose  analogy,  is  manifestly  too  physical:  this  Bostock  admits,  for 
he  subsequently  remarks,  that  ^  if  we  adopt  the  chymical  theory  of 
secretion,  we  must  conceive  of  it  as  originating  in  the  vital  action 
of  the  vessels,  which  enables  them  to  transmit  the  blood,  or  certain 
parts  of  it,  to  the  various  organs  or  structures  of  the  body,  where  it 
is  subjected  to  the  action  of  those  reagents,  which  are  necessary  to 
the  production  of  these  changes.'^ 

The  admission  of  such  vital  agency,  in  some  shape,  seems  to  be 
indispensable^  Attempts  have,  indeed,  been  made  to  establish  it  as 
a  nervous  action;  and  numerous  arguments  and  experiments  have 
heen  brought  forward  in  support  of  the  position. 

That  many  of  the  secretions  are  affected  by  the  condition  of  the 
mind  is  known  to  all.  The  act  of  crying,  in  evidence  of  joy  or  sor- 
•row;  the  augmented  action  of  the  salivary  glands  at  the  sieht  of 
pleasant  food;  the  increased  secretion  of  the  kidneys  during  fear  or 
anxiety,  sufficiently  indicate,  that  the  organs  of  secretion  can  be  in- 
fluenced through  the  nervous  system  in  the  same  manner  as  the 
fancttons  of  nutrition  and  calorification. 

The  discovery  of  galvanism  naturally  suggested  it  as  an  im- 
portant agent  in  the  process, — or  rather,  that  the  nervous  fluid 
strongly  resembled  it  This  conjecture  seems  to  have  been  first  ha- 
sarded  by  Bsbkslius,  and  by  Sir  Everard  Homb;  and,  about  the 
same  time,  an  experiment  was  made  by  Dr.  Wollaston,  which  he 
conceived  to  throw  light  upon  the  process.  He  took  a  glass  tube, 
4wo  inches  high  and  three-quarters  of  an  inch  in  diameter;  and 
"dosed  it  at  one  extremity  with  a  piece  of  bladder.  He  then  poured 
into  the  tube,  a  little  water,  containing  777^^  ^^  ^^^  weight  of  muriate 
of  soda,  moistened  the  bladder  on  the  outside,  and  placed  it  upon  a 
piece  of  silver.  On  curving  a  zinc  wire  so  that  one  of  its  extremi- 
ties touched  the  piece  of  metal,  and  the  other  dipped  into  the  liquid 
to  the  depth  of  an  inch,  the  outer  surface  of  the  bladder  immediate- 
ly indicated  the  presence  of  pure  soda;  so  that,  under  this  feeble 
electric  influence,  the  muriate  of  soda  was  decomposed,  and  the 
soda,  separated  from  the  acid,  passed  through  the  bladder. 

M.  FoDBRA  performed  a  similar  experiment,  and  found,  that 
whilst  ordinary  transudation  frequently  required  an  hour  before  it 
was  evidenced,  it  was  instantaneously  exhibited  under  the  galvanic 
influence.  On  putting  a  solution  of  prussiate  of  potassa  into  the 
bladder  of  a  rabbit;  forming  a  communication  with  the  solution  by 
means  of  a  copper  wire;  and  placing  on  the  outside  a  cloth,  soaked 
in  a  solution  of  sulphate  of  iron,  to  which  an  iron  wire  was  attach- 
ed; he  found,  by  bringing  these  wires  into  communication  with  the 
calvanic  pile,  thut  the  bladder  or  the  cloth  was  suddenly  coloured 
Uue,  according  as  the  galvanic  current,  set  from  without  to  within, 
or  from  withm  to  wi&out;  that  is,  according  as  the  iron  wire  was 
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made  to  commuDioate  with  the  positive  pole^  and  the  c(q;>per  wife 
with  the  n^ative,  or  vice  versa. 

The  efiects  of  the  section  of  tl^e  pneumogastric  nerves  on  the  func- 
tions of  digestion  and  respiration  have  been  given  elsewhere  at  tome 
length.  It  was  there  stated,  that  when  digestion  was  suspended  by 
their  division,  Dr.  Wilson  Philip  was  led  to  ascribe  it  to  the  ^se- 
cretion of  the  gastric  juice  having  been  arrested;  an  opinion,  which 
Mr.  BaoniK  had  been  induced  to  form  pre viously,  from  the  results 
of  experiments,  which  showed  that  the  secretion  of  urine  is  suspend- 
ed by  the  removal  or  destruction  of  the  brain;  and  that  when  an 
animal  is  destroyed  by  arsenic,  after  the  division  of  the  pneumc^as- 
tric  nerves,  all  the  usual  symptoms  are  produced,  except  the  pecu- 
liar secretion  from  the  stomach.  Mr.  Brodix  did  not  draw  the 
conclusion,  that  the  nervous  influence  is  absolutely  necessary  to 
secretion,  but  that  it  is  a  step  in  the  process.  We  have,  indeed, 
numerous  evidences,  that  the  nervous  system  cannot  be  indispen- 
sably necessary  to  this  function.  In  all  animals,  this  power  must 
exist,  yet  there  are  many  animals  in  which  qo  nervous  system  is 
apparent  Bostook  has  given  references,  in  a  note,  to  many  eases 
of  monstrous  or  deformed  fo&tuses,  bom  with  many  of  their  organs 
fully  developed,  yet  where  there  was  no  nervous  system. 

Setting  aside,  however,  the  cases  of  animals,  we  have  the  mort 
indisputanle  testimony  of  the  existence  of  secretion  in  the  vegetable, 
in  which  there  is  no  nervous  system,  or,  at  the  most,  a  rudimental 
one  only;  yet  the  function  is  accomplished  as  perfectly,  altboi^h 
not  in  as  multiple  a  manner,  as  in  man. 

It  is  manifest,  therefore,  that  this  is  one  of  the  vital  actions  oc- 
curring in  the  very  tissue  oi  organs,  of  which  we  have  no  more 
knowledge  than  we  have  of  the  capillary  actions  in  general  AU 
that  we  know  is,  that  in  particular  organs  various  humours  are  se* 
creted  from  the  blood,  some  of  which  can  be  detected  in  that  fluid, 
others  not,  but  that  we  are  ignorant  of  the  precise  agency,  by  whidi 
this  mysterious  process  is  raected. 

In  describing  the  physiology  of  the  different  secretions,  one  of 
three  arrangements  has  usually  been  adopted ;  either  according  to 
the  nature  of  the  secreting  oipin,  the  functions  of  the  secreted  fluid, 
or  its  chymical  character. 

The  first  of  these  has  been  followed  by  Bichat  and  by  Magbr^ 
Dis,  who  have  adopted  the  division  into  exhcUedj  follicular  and 
glandular  secretions.  According  to  the  second,  embraced  by 
BoTSB,  Sabatixb,  and  Abxlon,  they  are  divided  into  reerenUfUi- 
tied  secretions  or  such  as  are  taken  up  by  internal  absorption  and 
reenter  the  circulation,  and  into  eafcrementUialjOT  such  as  are  eva- 
cuated from  the  body  and  constitute  the  excretions.  Some  phj^ 
olo|psts  add  a  third  division — the  reeremefd(hexeremenHtialf^vk 
which  a  part  of  the  humour  is  absorbed  and  die  remainder  is  ejected. 
Lastly,  Uie  division,  according  to  chymical  character  has  Wen.  fol* 
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lowed^  with  more  or  less  modifiealion,  by  Plsnck^  Richerand, 
Blttkenbach,  Young,  and  Bostock:  the  last  of  whom,  the  most  re- 
cent writer,  has  eight  classes:— the  ctqueous^albuminouSytnucaiiSf 
geloHfWUSj  fibrinau8j  oleaginous^  resirumsy  and  saline.  To  all 
of  these  classifications,  cogent  objections  may  be  made.  The  one 
we  shall  follow  is  the  anatomical,  not  because  it  is  the  most  perfect, 
but  because  it  is  the  course,  that  has  been  usually  adopted  through- 
out this  work.* 

Sect.  I. — Of  the  Exhalations. 

All  the  exhalations  occur  in  the  areolae  or  internal  cavities  of  the 
body,  or  from  the  skin  and  mucous  membranes: — hence  their  di- 
vision into  internal  and  external.  The  former  are  all  recremen" 
titial;  the  latter  recremento-excrementitiaL  To  the  class  of  in- 
ternal exhalations  belong;  1.  The  serous  exhalation.  2.  The  serous 
exhalation  of  the  cellular  membrane.  3.  The  adipous  exhalation  of 
the  cellular  membrane.  4.  The  exhalation  of  the  marrow.  5.  The 
synovial  exhalation.  6.  The  exhalation  of  the  colouring  matter  of 
the  skin,  and  of  other  parts;  and  7.  The  areolar  exhalation.  To  the 
class  o[  external  exhalations  belong;  1,  that  of  the  skin,  or  cuta- 
neous transpiration.    2.  The  exhalation  of  the  mucous  membranes. 

1.  The  Serous  Exhalation. 

This  is  the  fluid  secreted  by  the  serous  membranes  that  line  the 
various  cavities  of  the  body ;  as  the  pleura,  pericardium,  peritoneum, 
arachnoid  coat  of  the  brain,  and  tunica  vaginalis  testis. 

From  these  membranes  a  fluid  is  exhaled,  which  is  of  an  albumi- 
nous character,  considerably  resembling  the  serum  of  the  blood  ex- 
cept in  containing  less  albumen. 

In  the  healthy  condition,  this  fluid  never  accumulates  in  the  ca- 
vities; the  absorbents  taking  it  up  in  proportion  as  it  is  deposited; 
bat  if,  from  any  cause,  the  exhalants  should  pour  out  a  larger  quan- 
tity than  usual,  whilst  the  absorbents  are  not  proportionably  ex- 
cited, accumulation  takes  place ;  or  the  same  efiect  ensues  if  the  ex- 
halants pour  out  no  more  than  their  usual  quantity,  whilst  the  ab- 
sorbents do  not  possess  their  due  activity.  Under  either  circum- 
^ance,  we  have  accumulation  or  dropsy;  and,  accordingly,  dropsy 
may  be  either  active  or  passive. 

The  exhaled  fluid  probably  transudes  through  the  parietes  of  the  ar- 
teries, and  reenters  the  circulation  by  imbibition  through  the  coats  of 
the  veins.  If  we  kill  an  animal  and  open  it  immediately  afterwards, 
this  exhalation  appears  in  the  form  of  a  halitus  or  vapour,  and  the 
fluid  is  seen  lubricating  the  free  surface  of  the  membrane. 

*  For  an  enumcrttion  of  the  ^Uflerent  fluids  or  humours  of  the  body,  see 
VoLL 
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This^  iDdeed,  appears  to  be  its  principal  office;  by  which  it  favours 
the  motion  of  the  organs  upon  each  other. 

The  serous  exhalations  probably  differ  somewhat  in  each  cavity, 
or  according  to  the  precise  structure  of  the  membrane.  The  differ- 
ence between  the  chymical  character  of  the  fluid  of  the  dropsy  of 
different  cavities  would  lead  to  this  belief.  As  a  general  rule,  ac- 
cording to  Dr.  BosTOCXy  the  fluid  from  the  cavity  of  the  abdomen 
contains  the  greatest  proportion  of  albumen^and  that  from  the  brain 
the  least;  but  many  exceptions  occur  to  this. 

2,  Serous  Exhalation  of  the  Cellular  Membrane. 

The  cellular  membrane,  wherever  existing,  is  kept  moist  by  a 
serous  fluid,  analogous  to  that  exhaled  from  serous  membranes,  and 
which  appears  to  have  the  same  uses, — that  of  facilitating  the  motion 
of  the  lamellsB  or  plates  on  each  other,  and  consequently  of  the  or- 
gans, between  which  the  cellular  tissue  is  placed. 

When  this  secretion  collects,  from  the  causes  mentioned  in  the 
last  section,  the  disease,  called  oedema  or  anasarca^  is  induced. 

3.  Jidipous  Exhalation  of  the  Cellular  Membrane. 

Considerable  diversity  of  opinion  has  prevailed  regarding  the  pre- 
cise organ  of  the  secretion  oifat.  Hallbb  supposed  that  the  sub- 
stance exists  ready  formed  in  the  blood,  and  that  it  simply  transudes 
through  the  pores  of  the  arteries;  and  Chbvrbul  has  given  some 
countenance  to  this  opinion,  by  the  circumstance  of  his  having  met 
with  a  fatty  matter  in  that  fluid. 

Anatomists  have,  likewise,  been  divided  upon  the  subject  of  the 

Krecise  tissue  into  which  the  fat  is  deposited;  some  believing  it  to 
e  the  ordinary  cellular  tissue,  into  which  it  is  dropt  by  the  agency 
of  appropriate  vessels;  others,  as  Malfiohi  and  William  Huntkr, 
believing  in  the  existence  of  a  peculiar  adipous  tissue,  consisting,.ac- 
cordingto  Beclard,  of  small  bursae  or  membranous  vesicles,  which 
inclose  the  fat,  and  are  found  situated  in  the  areolae  of  the  cellular 
tissue.  These  vesicles  are  said  to  vary  greatly  in  size:  generally, 
they  are  round  and  globular;  and,  in  certain  subjects,  receive  ves- 
sels, that  are  very  apparent  These  vesicles  form  so  many  small 
sacs  without  apertures,  in  the  interior  of  which  are  filaments  ar- 
ranged like  septa.  In  fatty  subjects,  these  adipous  vesicles  are  very 
perceptible,  being  attached  to  the  cellular  tissue  and  neighbouring 
parts  by  a  vascular  pedicle. 

The  arrangement  of  this  tissue,  as  well  as  the  quantity  of  fat, 
Taries  in  different  parts  of  the  body.  It  is  always  found  in  the  or- 
bit, on  the  sole  of  the  foot,  and  at  the  pulps  of  the  fingers  and  toes. 
The  subcutaneous  cellular  tissue,  and  that  covering  the  heart,  kid- 
neys, &c  also  generally  contain  it;  but  it  is  never  met  with  in  the 
eyelids,  scrotum,  or  within  the  cranium. 
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Fat  is  exhaled  by  the  secretory  vessels,  in  a  fluid  state;  but,  after 
it  is  deposited,  it  becomes  more  or  less  solid.  According  to  the 
reaeafches  of  CHxyREUL,  human  fat  is  almost  always  of  a  yellow 
colour;  inodorous,  and  composed  of  two  portions;— the  one  fluid, 
and  the  other  concrete,  which  are  themselves  composed,  but  in  dif- 
ferent proportions,  of  two  new  immediate  principles,  to  which  that 
ehymist  gave  the  names  elaine  and  stearine  respectively. 

It  is  probable,  that  chymical  analysis  would  exhibit  the  fat  to 
vary  in  difierent  parts  of  the  body,  as  its  sensible  properties  are 
manifestly  difierent.  Sir  Everard  Home,  on  loose  analogies  and 
inconclusive  arguments,  has  advanced  the  opinion,  that  it  is  more 
than  probable,  that  fat  is  formed  in  the  lower  portion  of  the  intes- 
tines, and  from  thence  is  carried,  through  the  medium  of  the  cir- 
culating blood,  to  be  deposited  in  almost  every  part  of  the  body. 
'^  When  there  is  a  great  demand  for  it,  as  in  youth,  for  carrying  on 
growth,  it  is  laid  immediately  under  the  skin,  or  in  the  neighbour- 
hood of  the  abdomen.  When  not  likely  to  be  wanted,  as  in  old  age, 
it  is  deposited  in  the  interstices  of  muscular  fibres,  to  make  up  in 
bulk  for  the^  wasting  of  these  organs.'' 

The  uses  of  the  fat  are  both  general  and  locaL  The  great  gene- 
ral use  is,  by  some  physiologists,  conceived  to  be, — to  serve  as  a 
provision  in  cases  of  wasting  indisposition;  when  the  digestive  func- 
tion is  incapacitated  for  performing  its  due  office,  and  emaciation 
is  the  consequence.  In  favour  of  this  view,  the  rapidity  with  which 
fat  disappears  after  slight  abstinence  has  been  urged,  as  well  as  the 
facts,  connected  with  the  torpidity  of  animals,  which  are  always 
found  to  diminish  in  weight  during  this  state. 
Professor  Manoili  of  Pavia,  procured  two  marmots  from  the  Alps, 
on  the  first  of  December.  The  larger  weighed  25  Milanese  ounces; 
the  smaller  only  224^^9  ^^  ^^^  ^^^^  ^^  January,  the  larger,  had 
lost  3ths  of  an  ounce,  and  the  smaller  -^ths.  On  the  fifth  of  Febru- 
ary, the  larger  weighed  only  22|ths;  the  smaller  21. 

Dr.  Monro  kept  a  hedge-hog  from  the  month  of  November  to 
the  month  of  the  March  following,  which  lost,  in  the  meanwhile,  a 
considerable  portion  of  its  weight  On  the  25th  of  December,  it 
weighed  13  ounces  and  S  drachms;  on  the  6th  of  February,  11 
ounces  and  7  drachms;  and  on  the  eighth  of  March,  11  ounces  and 
3  drachms.     The  loss  was  13  grains  daily. 

The  local  uses  of  the  fat  are  chiefly  of  a  physical  character.  On 
the  sole  of  the  foot  it  diminishes  the  efiects  of  pressure,  and  its  use 
is  the  same  on  the  nates:  in  the  orbit,  it  forms  a  kind  of  cushion,  on 
which  the  eyeball  moves  with  facility;  and  when  in  certain  limits, 
it  gives  that  rotundity  to  the  frame,  which  we  are  accustomed  to 
regard  as  symmetry.  In  another  place,  it  was  observed,  that  fatty 
substances  are  bad  conductors  of  caloric;  and  hence  that  it  may  tend 
to  preserve  the  temperature  of  the  body  in  cold  seasons;— a  view, 
which  is  favoured  by  the  fact,,  that  many  of  the  arctic  animals  are 
largely  supplied  with  fat  beneath  the  common  integuments;  and  it 
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has  been  affirmed,  that  fat  people  generally  suffisr  less  than  lean  from 
the  cold  of  winter. 

It  is  obviously  impracticable  to  estimate,  accmrately,  the  total 
quantity  of  fat  in  the  body.  It  has  been  supposed,  that,  in  an  adult 
male  of  moderate  size,  it  forms  •jf\^th  of  the  whole  weight;  but  it  is 
doubtful  whether  we  ought  to  regard  this  as  even  an  approximatioa; 
the  data  being  so  inadequate. 

In  some  cases  of  polysareia  or  obesity,  the  bulk  of  the  body  has 
been  enormous.  In  the  Philosophical  Transactional  No.  185,  the 
case  of  a  girl  is  detailed,  who  weighed  256  pounds,  when  only  four 
years  old.  A  man  of  the  name  of  BRiGHT,at  Maldon,England,  weigh- 
ed 728  pounds;  and  the  celebrated  Daniel  Lambert,  of  Leicester, 
England,  weighed  739  pounds  a  little  before  his  death,  which  occur- 
red in  the  fortieth  year  of  his  age.  The  circumference  of  his  body 
was  three  yards  and  four  inches;  of  his  leg  one  yard  and  one  inch. 
His  coffin  was  six  feet  four  inches  long;  four  feet  four  inches  wide; 
and  two  feet  four  inches  deep. 

In  some  of  the  varieties  of  the  human  family  we  meet  with  sin* 
gular  adipous  deposits.  In  the  Bosjesman  female  vast  masses  of  fat 
accumulate  on  the  buttocks,  which  give  them  the  most  extrava- 
gant appearance.  The  projection  of  the  posterior  part  of  the  body, 
in  one  subject,  according  to  Barrow,  measured  five  inches  and  a 
half  from  a  line  touching  the  spine.  '^  This  protuberance,'^  he  re- 
marks, ^  consisted  of  fat,  and  when  the  woman  walked,  had  the 
most  ridiculous  appearance  imaginable,  every  step  being  accom- 
panied with  a  quivering  and  tremulous  motion,  as  if  two  masses  of 
jelly  were  attached  behind.*' 

The  ^^  Hottentot  Venus,"  who  had  several  projections,  measured 
more  than  nineteen  inches  across  the  haunches;  and  the  projection 
of  the  hips  exceeded  6^  inches.  Dr.  Somerville  found,  on  dissec- 
tion, that  the  size  of  the  buttocks  arose  from  a  vast  mass  of  fat,  in- 
terposed between  the  integuments  and  muscles,  which  equalled 
four  fingers  breadth  in  thickness.  It  is  singular,  that,  according  to 
the  statement  of  this  female,  which  is  corroborated  by  the  testimony 
of  Mr.  Barrow,  this  deposition  does  not  take  place  till  the  first 
pregnancy. 

Pallas  has  described  a  variety  of  sheep — the  ovis  steatopyga 
or  ^'  fat-buttocked," — which  is  reared  in  immense  flocks  by  the  pas- 
toral tribes  of  Asia.  In  it,  a  large  mass  of  fat  covers  the  nates  and 
occupies  the  place  of  the  tail.  The  protuberance  is  smooth  beneath, 
and  resembles  a  double  hemisphere,  when  viewed  behind;  the  oscoc- 
cygis  or  rump-bone  being  perceptible  to  the  touch  in  the  notch  be- 
tween the  two.  They  consist  merely  of  fat;  and  when  very  large, 
shake  in  walking  like  the  buttocks  of  the  female  Bosjesman.  Mr. 
Lawrence  remarks,  that  there  are  herds  of  sheep  in  Persia,  Syria, 
Palestine  and  some  parts  of  Africa,  in  which  the  tail  is  not  want- 
ing as  in  the  ovis  steatopyga^  but  retains  its  usual  length  and  be- 
comes loaded  with  fat 
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The  cireumstftDces,  which  fayour  obesity,  are  absence  of  aetiyity 
and  of  excitement  of  all  kinds;  hence^for  the  purpose  of  fattening  ani- 
mals in  rural  economy,  they  are  kept  in  entire  darkness, — to  deprlye 
them  of  the  stimulus  of  light,  and  to  fayour  sleep  and  muscular  inacti- 
vity. Castration— *by  abolishing  one  kind  of  excitability— and  the 
time  of  life  at  which  the  generative  functions  cease  to  be  exerted, 
eq>ecially  in  the  female,  are  favourable  to  the  same  result 

4.  Exhalation  of  the  Marrow. 

A  fluid,  essentially  resembling  fat,  is  found  in  the  cavity  of  long 
bones,  in  the  spongy  tissue  of  short  bones,  and  in  the  areola  of 
bones  of  every  kind.  This  is  the  marrow.  The  secretory  oi^n  is 
the  very  delicate  membrane,  which  is  perceptible  in  the  interior  of 
the  long  bones,  lining  the  medullary  cavity,  and  sending  prolonga-* 
tions  into  the  compact  substance,  and  others  internally,  Which  form 
septa  and  spaces  for  the  reception  of  the  marrow.  The  cells,  thus 
formed,  are  distinct  from  each  other;  and,  from  the  obseryatioos  of 
HowsHiF,  it  would  seem  probable,  that  the  oil  of  bones  is  deposited 
in  longitudinal  canals,  that  pass  through  the  solid  substance  of  the 
bone,  and  through  which  its  vessels  are  transmitted.  This  oil  of 
bones  is  the  marrow  o(  the  compact  structure,  the  latter  term  being 
generally  restricted  to  this  secretion,  when  contained  in  the  cavities 
of  long  bones;  that  which  exists  in  the  spongy  substance  being  term-* 
ed  by  some  writers,  the  medullary  juice. 

The  medullary  membrane,  called  also  the  internal  periosteufny 
eonsbts  chiefly  of  blood-vessels  ramifying  on  an  extremely  delicate 
cellular  tissue,  in  which  neryes  may  likewise  be  traced. 

BsRZEiius  examined  marrow  obtained  from  the  thigh-bone  of  an 
ox,  and  found  it  to  consist  of  the  following  constituents:— *-pure 
adipous  matter,  96;  skins  and  blood-vessels,  1;  albumen,  gelatine, 
extractive,  peculiar  matter  and  water,  3. 

The  marrow  is  one  of  the  corporeal  components,  of  whose  use 
we  can  scarcely  ofier  a  plausible  conjecture.  It  has  been  supposed 
to  render  the  bones  less  brittle;  but  this  is  not  correct,  as  those  of 
the  foetus,  whi.ch  contain  little  or  no  marrow,  are  less  brittle  than 
those  of  the  adult;  and  the  bones  of  old  persons,  in  which  the  me- 
dullary cavity  is  extremely  large,  are  more  brittle  than  those  of  the 
adult  It  is  possible  that  it  may  be  placed  in  the  cavities  of  the 
bonesy— -which  would  otherwise  be  so  many  vacant  spaces, — to  serve 
the  general  purposes  of  the  fat,  when  it  is  required  by  tfie  system. 

The  other  hypotheses,  that  have  been  entertained  on  the  subject, 
are  not  descrying  of  notice. 

5.  Synovial  Exhalation. 

Within  the  articular  capsules,  and  the  bursae  mucosae, — which 
have  been  described  under  the  head  of  muscular  motion,--*  fluid  is 
Vol.  II.  27 
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saereterif  which  U  spread  oyer  the  articular  surfaces  of  the  booes^ 
aud  facilitates  their  movements. 

Hatxas  cpDsidered  this  fluid  to  be  secreted  by  synomcd  glands^ 
for  such  he  conceived  the  reddish  cellular  masses  to  be,  that  are  found 
in  certain  articulations.  Haller,  again,  strangely  regarded  the  syno* 
via  as  the  marrow,  that  had  transuded  through  the  spongy  extremi- 
ties of  the  bones;  but,  since  the  time  of  Bichat,  every  anatomist 
and  physiologist  has  ascribed  it  to  the  exhalant  action  of  the  syno- 
vial membrane,  which  strongly  resembles  the  serous  membranes  in 
form,  structure  and  functions,  and  whose  folds  constitute  the  pro- 
jections, which  Havsrs  mistook  for  glands. 

This  membrane  exists  in  all  the  movable  articulations,  and  ia 
the  channels  and  sheaths  in  which  the  tendons  play.  The  gene- 
rality of  anatomists  regard  the  articular  capsules  as  shut  sacs;  the 
membrane  being  reflected  over  the  incrusting  cartilages.  Maoen- 
niE,  however,  affirms,  that  he  has  several  times  satisfied  himself^ 
that  the  membranes  do  not  pass  bej^ond  the  circumference  of  the 
cartilages. 

From  the  inner  surface  of  these  membranes,  the  synovia  is  ex- 
haled, precisely  in  the  same  manner  as  in  other  serous  cavities. 

Maroueron  analyzed  the  synovia,  obtained  from  the  lower  ex- 
tremity of  the  ox,  and  found  it  to  consist  of  fibrous  matter,  11.86; 
albumen,  4,52;  muriate  of  soda,  1.75;  soda,  0.71;  phosphate  of 
lime,  0.70 ;  and  water,  80.46. 

6.  Exhalation  qf  the  Colouring  Matter  of  the  Skin  and  of  other 

parts. 

The  nature  of  the  exhalation,  which  constitutes  the  colouring 
matter  of  the  rete  mucosum,  has  already  engaged  our  attention, 
when  treating  of  the  skin  under  the  sense  o/ touch.  It  is  presumed 
to  be  exhaled  by  the  vessels  of  the  skin,  and  to  be  deposited  beneath 
the  cuticle,  so  as  to  communicate  the  colours  that  characterize  the 
difierent  races.  Such  are  regarded  as  the  secretory  organs  by  most 
anatomists  and  physiologists;  but  Gautier,  whose  researches  into 
the  intimate  constitution  of  the  skin  have  gained  him  much  cele- 
brity, is  of  opinion,  that  it  is  furnished  by  the  bulbs  of  the  hair;  and 
he  assigns,  as  reasons  for  this  belief,  that  the  negro,  in  whom  it  is 
abundant,  has  short  hair ;  that  the  female,  whose  hair  is  more  beau- 
tiful and  abundant  than  that  of  the  male,  has  the  fairest  skin ;  and 
that  when  he  applied  blisters  to  the  skin  of  the  negro,  he  saw  the 
colouring  matter  oozing  from  the  bulbs  of  the  hair,  and  deposited  at 
the  surface  of  the  rete  mucosum. 

The  composition  of  this  pigment  cannot  be  determined  with  pre- 
cision, owing  to  its  quantity  being  too  small  to  admit  of  examina- 
tion. Chlorine  deprives  it  of  its  black  hue,  and  renders  it  yellow. 
A  nqpro,  by  keeping  his  foot  for  some  time  in  water,  impregnated 
with  this  gas^  deprived  it  of  its  colour,  and  rendered  it  nearly  white; 
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fnit,  in  a  few  days,  the  black  colour  returned  with  its  former  inten- 
^ty.  This  experiment  was  made  with  similar  results  on  the  fingers 
of  a  negro. 

BLiTMBNBACHy  ss  is  noticed  elsewhere,  thought,  that  the  mucous 
pigment  was  formed  chiefly  of  carbon ;  and  his  notion  has  received 
favour  with  many. 

The  uses  of  this  pigment,  as  well  as  of  that  which  lines  the  cho- 
roid coat  of  the  eye,  the  posterior  surfaces  of  the  iris,  and  of  the 
ciliary  processes,  are  detailed  in  another  place. 

7.  Areolar  Exhalation. 

Under  this  term,  Abelok  has  included  difierent  recrementitial 
secretions  efiected  within  the  organs  of  sense,  or  in  parenchymatous 
structures,— -as  the  aqueous,  crystalline,  and  vitreous  humours  of  the 
eye,  and  the  liquor  of  Cotugno,  all  of  which  have  already  engaged 
attention,  the  exhalation  of  a  kind  of  albuminous,  reddish,  or  whitish 
lymph  into  the  interior  of  the  lymphatic  ganglions,  and  into  the  or- 
gans, called,  by  CHAtrssiER,  glandiform  ganglionSj  and  by  Bs- 
CLABJO,  sanguineous  ganglions; — ^viz:  the  thymus,  thyroid,  supra* 
renal  capsules,  and  spleen.  We  know  but  little,  however,  of  the 
fluids,  formed  in  these  various  parts.  They  have  never  been  ana- 
lyzed, and  their  uses  are  inappreciable. 

By  some  physiologists,  a  fluid  is  supposed  to  be  exhaled  from  the 
inner  coat  of  the  arterial,  venous,  and  lymphatic  vessels.  Not  only, 
however,  are  we  unaware  of  the  nature  of  this  fluid,  but  its  very 
existence  is  doubted.  Its  use  is  presumed  to  be,  to  lubricate  the  in- 
terior of  the  vessel,  and  to  prevent  adhesion  between  it  and  the  fluid 
eirculatine  within  it 

The  following  belong  to  the  external  exhalations. 

8.  Cutaneous  Exhalation  or  Transpiration. 

A  transparent  fluid  is  constantly  exhaled  from  the  skin,  which  is 
generally  invisible,  in  consequence  of  its  being  converted  into  vapour 
as  soon  as  it  reaches  the  surface;  but,  at  other  times,  owing  to  augmen- 
tation of  the  secretion,  or  to  the  air  being  loaded  with  humidity,  it 
is  apparent  on  the  surface  of  the  body. 

When  invisible,  it  is  called  the  insensible  transpiration  or  per- 
spirationj  when  perceptible,  sweat. 

In  the  state  of  health,  according  to  Thenakd,  this  fluid  reddens 
litmus  paper;  yet  the  taste  is  rather  saline, — resembling  that  of  com- 
mon salt,— tiian  acid. 

Its  smell  is  peculiar,  and  becomes  almost  insupportable  when 
concentrated,  and  especially  when  subjected  to  distillation.  It  is 
eomposed^  according  to  Thsnabd,  of  much  water,  a  small  quantity 
of  acetic  aeid^  mimate  of  soda,  and  periiaps  of  potassa,  a  very  little 
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•trthy  phosphate^  a  trace  of  oxide  of  iron,  and  an  ii 
quantity  of  animal  matter.  Bjebeslius  regards  it  as  water,  holding 
in  solution  the  muriates  of  potassa  and  soda,  lactic  acid^  lactate  of 
loda,  and  a  little  animal  matter. 

Numerous  experiments  have  been  instituted  for  the  purpose  of 
discovering  the  quantity  of  transpiration  that  takes  place  in  a  given 
time.  Of  these,  the  earliest  were  by  SAtforoiiros,  for  which  he  is 
more  celebrated  than  for  any  other  of  his  laboura.  For  thirty  years, 
this  indefatigable  experimentalist  weighed  daily,  with  the  greatest 
care,  his  solid  and  liquid  ingests  and  egesta,  and  his  own  body, 
with  the  view  of  deducing  the  loss  sustained  by  the  cutaneous 
and  pulmonary  exhalations.  He  found,  that  every  twenty-four 
hours,  his  body  returned  sensibly  to  the  same  weight,  and  that  he 
lost  the  whole  of  the  ingests  ;<^ve-eighths  by  transpiration,  and 
three^ighths  by  the  ordinary  excretions.  For  eight  pounds  of 
ingests,  there  were  only  three  pounds  ,o{  sensible  egesta,  which  con- 
si^ed  of  forty-four  ounces  of  urine,  and  four  of  faeces. 

It  is  lamentable  to  reflect,  that  so  much  time  was  oeciqpied  in  the 
Attainment  of  such  insignificant  results.  The  s^-devotion  of  Sajetc- 
vemius,  gave  occasion,  however,  to  the  institution  of  numerous  ex- 
periments of  the  same  kind;  as  wdl  as  to  discover  the  variations  in 
tiie  exhalation,  according  to  age,  climate,  &c.  The  results  of  these 
have  been  collected  by  Hallsr,  but  they  afibrd  little  instnietion; 
especially  as  they  were  directed  to  the  transpiration  in  general, 
without  aflfording  us  any  data  to  calculate  the  proportioo.  exhaled 
from  the  lungs  to  that  constantly  taking  place  by  the  eutaneoos 
surface. 

Rts,  who  dwelt  in  Cork,  lat  51^  54',  finind,  in  the  three  winter 
months, — December,  January,  and  February— that  the  quantity  of 
urine  was  3937  ounces;  of  the  perspiration,  4797:  in  the  spring 
months — March,  April,  and  May — ^the  urine  amounted  to  3556; 
the  perspiration  to  5405:  in  the  summer  months  of  June,  July,  and 
August,  the  urine  amounted  to  3352;  the  perspiration  to  5719:  and 
in  the  three  witumnal  months— September,  October,  and  November 
-<-tbe  quantity  of  urine  was  336^:  that  of  tiie  perspiration  4471. 

The  daily  average  estimate  in  ounces  was  as  follows:— 
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thus,  malting  the  average  daily  excretion  of  urine,  threughoat  the 
year^  to  be  a  fitde  more  than  3^  ounces;  and  of  tiie  transpiration, 
■66  euneesb 

ExttL,  on  the  oAer  hand,  makes  the  average  daily  pevi^iiration^ 
31  ounces;  and  HtM^otUbft  urine  33^  the  wei^  of  the  fittOM  being 
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6  ounoesy  and  that  of  the  solid  and  liquid  ingesta,  75  ounees.  His 
experiments  were  made  at  Northampton,  Englatd,  lat  52^  11'. 

Brtan  Robiksom  found,  as  the  result  of  his  observations  in  Ire- 
land, that  the  ratio  of  the  perspiration  to  the  urine  was,  in  summer, 
as  5  to  3;  in  the  winter  as  2  to  3;  whibt  in  A{M:il,  May,  October, 
November,  and  December,  they  were  nearly  equal.  In  youth,  the 
ratio  of  the  perspiration  to  the  urine,  was  as  1340  to  1000;  in  the 
ugdd,  as  967  to  1000. 

HAJtTMANir,  when  the  solid  and  liquid  ingests  amounted  to  80 
oonees,  found  the  urine  discharged  28  ounces;  the  faeces  6  or  7 
ounces;  and  the  perspirable  matter,  45  or  46  ounces.  Von  Gorter, 
in  Holland,  when  the  ingests  were  91  ounces,  found  the  perspiration 
to  amount  to  49  ounces ;  the  urine  to  36 ;  and  the  fiaeces  to  S. 

DoDART  asserts,  that  in  France,  the  ratio  of  the  perspiration  to 
the  faces,  is  as  7  to  1;  and  to  the  whole  egesta  as  15  to  12  or  10. 
The  average  perspiration,in  the  twenty-four  hours,  he  estimates  at 
33  ounces  and  2  drachms;  and  Sauyages,  in  the  south  of  France, 
found,  that  when  the  ingests  were  60  ounces  in  the  day,  the  trans- 
(uration  amounted  to  33  ounces;  the  urine  to  22;  and  the  faeces  to  5. 

Most  of  these  estimates  were  made  in  the  cooler  climates, — the 
^  regiones  borealeSf^' — as  Haller  has,  not  very  happily,  termed 
them. 

According  to  Lining,  whose  experiments  were  made  in  South 
Carolina,  lat  32^  47'^  the  perspiration  exceeded  the  urine  in  the 
warm  months ;  but  in  the  cold,  the  latter  had  the  preponderance. 
The  following  table  gives  the  average  daily  proportion  of  the  urine 
and  perspiration,  for  each  month  of  the  year,  in  ounces^— as  quoted 
by  Hallbr. 

Urine.  Perspiration. 

December,        ....  70.81  -  -  42.55 

January,           .        .        -        -  72.43  -  -  39.97 

February,         -        -        .        -  77.86  -  -  37.45 

March, 70.59  -  -  43.23 

April, 59.17  -  -  47.72 

May, 56.15  -  -  58.11 

June, 52.90  -  -  71.39 

July, 43.77  -  -  86.41 

August,             ....  55.41  -  -  70.91 

September,       -        -        .        .  40.60  -  -  77.09 

October,            ....  47.67  -  -  40.78 

November,       ....  63.16  -  -  40.97 

After  the  period  at  which  Haller  wrote,  no  experiments  of  any 
noment  were  adopted  for  aiqpreciating  the  transpiration.  When- 
«Ttr  trials  were  instituted,  the  exhalation  from  both  the  skin  and 
tk*  loBtt  was  included  in  the  result,  and  no  satisfactory  means 
were  ampted  for  separating  thraa,  until  Lavoisur  and  Ssavnr 
made  their  celebrated  experiments. 
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Sbguin  inclosed  himself  in  a  bag  of  gummed  taffeta,  which  was 
tied  above  the  head,  and  had  an  aperture,  the  edges  of  which  were 
fixed  around  the  mouth  by  a  mixture  of  turpentine  and  pitch.  By 
means  of  this  arrangement,  the  pulmonary  transpiration  alone  es- 
caped into  the  air.  To  estimate  its  quantity,  it  was  merely  ne- 
cessary for  M.  Seguin  to  weigh  himself  in  the  sack,  in  a  very 
delicate  balance,  at  the  commencement  and  termination  of  the 
experiment  By  repeating  the  experiment  out  of  the  sack,  he  de- 
termined the  total  quantity  of  the  transpired  fluid;  so  that,  by  de- 
ducting from  this  the  quantity  of  fluid  exhaled  from  the  lungs,  he 
obtained  the  amount  of  the  cutaneous  transpiration.  He,  moreover, 
kept  an  account  of  the  food,  which  he  took;  of  the  solid  and  liquid 
egesta;  and,  as  far  as  he  was  able,  of  every  circumstance  that  could 
influence  the  transpiration. 

The  results,  at  which  Lavoisier  and  Seguin  arrived  by  a  series  of 
well-devisedand  well-conducted  experiments  were  the  following: — 

First  Whatever  may  be  the  quantity  of  food  taken,  or  the 
variations  in  the  state  of  the  atmosphere,  the  same  individual,  after 
having  increased  in  weight  by  the  whple  quantity  of  nourishment 
taken,  returns  daily,  after  the  lapse  of  twenty-four  hours,  to  nearly 
the  same  weight  as  the  day  before;  provided  he  be  in  good  health; 
his  digestion  perfect;  that  he  is  not  fattening,  or  growing;  and 
that  he  avoids  all  kinds  of  excess. 

Secondly.  If,  when  all  other  circumstances  are  identical,  the 
quantity  of  food  varies;  or  if — the  quantity  of  food  being  the  same 
— ^the  effects  of  transpiration  difier;  the  quantity  of  the  excrements 
augments  or  diminishes,  so  that  every  day,  at  the  same  hour,  we 
return  nearly  to  the  same  weight; — proving  that  when  digestion 
soes  on  well,  the  causes,  that  concur  in  the  loss  or  excretion  of  the 
food  taken  in,  afford  each  other  mutual  assistance; — in  the  state  of 
health  one  charging  itself  with  what  the  other  is  unable  to  accom- 
plish. 

T%irdiij/,  Defective  digestion  is  one  of  the  most  direct  causes  of 
the  diminution  of  transpiration. 

Fourthly.  When  digestion  goes  on  well,  and  the  other  causes  are 
alike,  the  quantity  of  food  has  but  little  effect  on  the  transpiration. 
Seguin  afarms,  that  he  has  very  frequently  taken,  at  dinner,  two 
pounds  and  a  half  of  solid  and  liquid  food;  and,  at  other  times,  four 
pounds,  yet  the  results,  in  the  two  cases,  differed  but  little  from  each 
other;  provided  only,  that  the  quantity  of  fluid  did  not  vary  materi- 
ally in  the  two  cases. 

Fifthly.  Immediately  after  dinner,  the  transpiration  is  at  its  mi- 
nimum. 

Sixthly.  When  all  other  circumstances  are  equal,  the  loss  of 
weight,  induced  by  insensible  transpiration,  is  at  its  maximum  dur- 
ing digestion.  The  increase  of  transpiration,  during  digestion,  com- 
pared with  the  loss  sustained  when  fasting  is^  at  an  average^  2  ,V 
grains  per  minute« 
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Seventhly.  When  ciroumstances  are  most  favourable^  the  greatest 
loss  of  weight,  caused  by  insensible  transpiration,  was,  according  to 
their  observations,  32  grains  per  minute;  consequently  3  ounces,  2 
drachms  and  4S  grains,  poids  de  marc,  per  hour;  and  5  pounds  in 
twenty-four  hours;  under  the  calculation  that  the  loss  is  alike  at  all 
hours  of  the  day,  which  is  not  the  fact 

Eighthly,  When  all  the  accessory  circumstances  are  least  favour- 
able, provided  only  that  digestion  is  properly  accomplished,  the 
smallest  loss  of  weight  is  11  grains  per  minute;  consequently,  1 
ounce,  1  drachm  and  12  grains  per  hour;  and  1  pound,  11  ounces 
and  4  drachms  in  the  twenty-four  hours. 

Ninthly.  Immediately  after  eating,  the  loss  of  weight,  caused  by 
the  insensible  perspiration,  is  10^  grains  per  minute,  during  the 
time  at  which  all  the  extraneous  causes  are  most  unfavourable  to 
transpiration;  and  19-fV  grains  per  minute,  when  these  causes  are 
most  favourable  and  the  internal  causes  are  alike.  ^^  These  differ- 
ences,'' says  M.  S£eniN,  ^'  in  the  transpiration  after  a  meal,  accord- 
ing as  the  causes,  influencing  it,  are  more  or  less  favourable,  are 
not  in  the  same  ratio  with  the  differences,  observed  at  any  other 
time,  when  the  other  circumstances  are  equal;  but  we  know  not 
how  to  account  for  the  pheoomepon." 

Tenthly.  The  cutaneous  transpiration  is  immediately  dependent 
both  on  the  solvent  virtue  of  the  circumambient  air,  and  on  the 
power  possessed  by  the  exhalants  of  conveying  the  perspirable  fluid 
as  far  as  the  surface  of  the  skin. 

Eleventhly.  From  the  average  of  all  the  experiments  it  seems, 
that  the  loss  of  weight  caused  by  the  insensible  transpiration  is  IS 
grains  per  minute;*and  that  of  these  18  grains,  11,  on  the  average, 
belong  to  the  cutaneous  transpiration,  and  7  to  the  pulmonary. 

Twelfthly.  The  pulmonary  transpiration,  compared  with  the 
volume  of  the  lungs,  is  much  more  considerable  than  the  cutaneous, 
compared  with  the  surface  of  the  skin. 

Thirteenthly.  When  every  other  circumstance  is  equal,  the  pul- 
monary transpiration  is  nearly  the  same  before  and  immediately 
after  a  meal;  and  if,  as  an  average,  the  pulmonary  transpiration  be 
17j  grains  per  minute  before  dinner,  it  is  IT^^g^  grains  after  dinner. 

Lastly.  Every  other  intrinsic  circumstance  being  equal,  the 
weight  of  the  solid  excrements  is  least  during  winter. 

Although  these  results  are  probably  fairly  deduced  from  the  ex- 
periments; and  the  experiments  themselves  were  as  well  conceived 
as  the  subject  admits  of,  we  cannot  regard  the  estimates  as  more 
than  approximations.  Independently  of  the  fact,  that  the  envelope 
of  taffeta  must  necessarily  have  retarded  the  exhalation,  and  caused 
more  to  pass  off  by  pulmonary  transpiration;  the  perspiration  must 
incessantly  vary  according  to  circumstances  within  and  without  the 
system;  some  individuals,  too,  perspire  more  readily  than  others; 
and  its  extent  is  dependent,  as  we  have  seen,  upon  climate  and  sea- 
son,—and  likewise  upon  the  quantity  of  fluid  received  into  the 
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digestiTe  orgins.  From  all  these  and  other  causes,  Bichat  is  led 
to  ohserfe,  that  the  attempt  to  determine  tbe  quantity  of  the  cuta^ 
neous  transpiration  is  as  vain  as  to  endeavour  to  specify  what  quan- 
tity of  water  is  evaporated  every  hour,  by  a  fire,  the  intensity  of 
which  is  varying  eveiy  instant 

Since  the  time  of  Lavoisier  and  Seoyin,  Dr.  Edwa&bs  has 
made  some  experiments,  for  the  purpose  of  illustrating  the  effect 
produced  upon  cutaneous  transpiration  by  various  circumstances,  to 
which  the  body  is  subjected.  His  first  trials  were  made  on  cold- 
blooded animalsy  in  which  the  cutaneous  transpiration  can  be  rea- 
dily separated  from  the  pulmonary,  owing  to  the  length  of  time, 
that  they  are  capable  of  living  without  respiring.  All  that  is  neces- 
sary is  to  weigh  the  animal  before  and  after  the  experiment,  and  to 
make  allowance  for  the  ingesta  and  egesta. 

In  this  way  he  discovered,  that  the  body  loses  successively  less 
aad  less  in  equal  portions  of  time;  that  the  transpiration  proceeds 
more  rapidly  in  dry  than  in  moist  air;  in  the  extreme  states  nearly 
in  the  proportion  of  10  to  1;  that  temperature  has,  also,  considera- 
ble influence, — the  transpiration,  at  68^  of  Fahbehhbit,  being 
*  twice  m  much;  and,  at  104°,  seven  times  as  much  as  at  32^  He 
likewise  found,  that  frogs  transpire,  whilst  they  are  in  water,  as  is 
shown  by  the  diminution,  which  they  experience  while  immersed 
in  that  fluid,  and  by  the  appearance  of  the  water  itself,  which 
becomes  perceptibly  impregnated  by  the  matter  excreted  by  the 
skin. 

In  warm-blooded  animals,  he  found,  as  in  the  cold-blooded,  the 
transpiration  become  less  and  less  in  proportion  to  the  quanti^  of 
fluid  evaporated  from  the  body;  and  he  observed  the  same  difference 
between  the  effects  of  moist  and  dry  air,  and  between  a  high  and  a 
low  temperature.  The  effects  of  these  agents  were  essentially  the  same 
oa  man  as  on  other  animals.  He  found,  that  the  transpiration  was 
more  copious  during  the  early  than  the  latter  part  of  the  day;  that 
it  is  greater  after  taking  food;  and,  on  the  whole,  appeared  to  be 
increased  during  sleep. 

Whenever  Xbe  fluid,  which  constitutes  the  insensible  transpira- 
tion, does  not  evaporate,  owing  to  the  cttuses  referred  to  at  the  com- 
mencement of  this  article,  it  appears  6h  the  surface  in  the  form  of 
insensible  perspiration  or  siaeat  It  has  been  supposed  by  some 
physiologists,  that  tbe  insensible  and  sensible  perspiration  are  two 
distinct  functions.  Such  appears  to  be  the  opinion  of  Hallbb  and 
of  Edwards,  but  no  sufiScient  reason  seems  to  exist  why  we  should 
not  regard  them  as  different  degrees  of  the  same  function.  It  is,  in- 
deed, ajffirmed,  that  the  sweat  is  generally  less  charged  with  carbonic 
acid  than  the  vapour  of  transpiration,  but  that  it  i&  richer  in  sahs, 
which  are  deposited  on  the  skin,  and  are  sometimes  seen  in  the  form 
of  white  flocculi ;  but  «ur  knowledge  on  this  matter  is  extremely 
vague. 

Particular  parts  of  the  body  perspire  more  freely,  and  sweat  more 
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retdily,  than  others.  The  forehead,  armpits,  groins,  hands,  feet,  &c. 
exhibit  the  eridences  most  frequently ;  some  of  these,  perhaps,  ow- 
ing to  the  fluid,  when  exhaled,  not  evaporating  readily, — the  con- 
tact of  air  being  impeded.  It  is  presumed,  likewise,  that  the  sweat  has 
not  every  where  the  same  composition.  Its  odour  certainly  varies  in 
different  parts  of  the  body.  In' the  armpits  and  feet  it  is  more  acidj 
in  the  violent  sweats,  accompanying  acute  rheumatism,  this  acidity 
always  attracts  attention ;  in  the  groins,  its  odour  is  strong  and  rank. 
It  differs  too  greatly  in  individuals,  and  especially  in  the  races.  In 
the  red-haired,  it  is  said  to  be  unusually  strong;  and  in  the  negro, 
during  the  heat  of  summer,  it  is  alliaceous  and  overwhelming.  By 
cleanliness,  the  red-haired  can  obviate  the  unpleasant  effects,  in  a 
great  measure,  by  preventing  undue  accumulation  in  the  axillse, 
groins,  jic;  but  no  ablution  can  remove  the  odour  of  the  negro,  al- 
though cleanliness  can  detract  from  its  intensity.  Each  race  appears 
to  have  its  characteristic  "scent;  and,  according  to  Humboldt,  tke 
Peruvian  Indian,  whose  smell  is  highly  developed  by  education, 
can  distinguish  the  European,  the  American  Indian,  and  the  negro, 
in  the  middle  of  the  night,  by  the  sole  evidence  of  this  sense. 

Some  physiologists  have  doubted  whether  the  odorous  matter  of 
the  skin  belongs  properly  to  the  perspiration,  and  have  presumed 
it  to  be  the  pr^iduct  of  specific  organs.  This  is,  however,  conjec- 
tural; and  the  experiments  of  Thenard,  as  well  as  the  facts  we 
have  just  mentioned,  would  rather  seem  to  show,  that  the  patter 
of  sweat  itself  has,  within  it,  the  peeidiar  odour.  The  fact  of  the 
dog  tracing  its  master  to  an  immense  distance,  and  discovering  him, 
perhaps,  in  a  crowd,  has  induced  a  belief,  that  the  scent  may  be 
distinct  from  the  matter  of  sweat;  but  the  supposition  is  not  neces- 
sary, if  we  admit  the  matter  of  perspiration  to  be  itself  odorous. 

Besides'the  causes  before  referred  to,  the  quantity  of  perspiration 
is  greatly  augmented  by  running  or  by  violent  exertion  of  any  kind; 
especially  if  the  temperature  of  the  air  be  elevated.  Warm  fluids 
fiivour  it  greatly,  and  hence  their  use,  alone  or  combined  with  sudo- 
rifles,  where  this  class  of  medicines  i^  indicated.  MAaENDiE  con- 
ceives, that  being  readily  absorbed,  they  are  also  ceadily  exhaled. 
This  is  true ;  but,  in  hot  climates,  ice-cold  drinks  dre  as  rapidly  fol- 
lowed by  sensible  perspiration,  owing,  probably,  to  the  copious  ex- 
halation which  is  constantly  going  on  diminishing  the  quantity  of 
flnid  circulating  in  the  vessels;  and,  we  know  that,  under  snch  dr- 
eumslances,  the  activity  of  absorption  is  largely  augmented. 

With  regurd  to  the  uses  of  the  insensible  transpiration,  it  has  been 
supposed  to  preserve  the  surface  supple,  and  thus  to  favour  the  ex- 
ercise of  touch;  and,  als^,  by  undergoing  evaporation,  to  aid  in  the 
refrigeration  of  the  body.  It  is  probable,  however,  that  these  are 
quite  secondary  uses,  under  ordinary  circumstances  and  that  the 
great  office,  performed  by  it,  is  to  remom  a  certain  quantity  of 
fluid  from  the  blood :  hence  it  has  been  termed  by  Broussais  the 
cutaneous  depuration.    In  this  respect,  consec|iiently,  it  bears  a 
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striking  analogy  to  the  urine^  which  is  the  only  other  depuratory 
secretion,  witli  the  exception  of  the  pulmonary  transpiration,  which, 
we  shall  find,  essentially  resembles  the  cutaneous. 

It  can,  therefore,  be  readily  conceived,  that  any  interruption  to 
this  necessary  exhalation  should  be  attended  with  equally  serious 
effects  as  in  the  case  of  the  urinary  depuration.  Most  diseases  are, 
indeed,  produced  probably  by  irregularly  impeded  cutaneous  trans- 
piration. By  exposure  to  currents  of  air,  or  to  the  irregular  action 
of  cold  in  any  manner  to  the  surface,  the  depuration  of  the  part 
is  morbidly  modified ;  and,  owing  to  the  extensive  sympathy  exist- 
ing, as  we  have  elsewhere  seen,  between  every  part  of  the  capillary 
surface,  any  organ,  which  may  be  at  the  tim6  particularly  predis- 
posed to  irritation,  is  affected  with  disease.  Sudden  atmospheric 
vicissitudes  are  not  so  liable  to  excite  such  partial  disease,  as  when 
the  check  to  perspiration  is  more  local  and  irregular;  the  exhalation 
from  the  lungs  taking  place  in  greater  abundance,  so  as  in  some 
measure  to  compensate  for  the  diminished  cutaneous  exhalation. 

As  the  sensible  transpiration  or  sweat  is  merely  the  insensible 
perspiration  in  increased  quantity,  its  uses  demand  no  special  no- 
tice. 

The  PULMONARY  TRANSPIRATION,  to  which  WO  havo  so  often  al- 
luded, bears  a  striking  analogy  to  the  cutaneous.  At  one  time,  it 
was  universally  believed  to  be  owing  to  the  combustion  of  the  air 
with  the  hydrogen  and  carbon  given  off  from  the  lungs;  but  we 
have  elsewhere  shown,  that  no  such  combustion  occurs;  and  besides 
the  exhalation  occurs  when  gases,  containing  no  oxygen,  have  been 
respired  by  animals. 

It  is  now  universally  admitted  to  be  exhaled  into  the  air-cells  of 
the  lungs  from  the  pulmonary  artery  chiefly,  but  partly  from  the 
bronchial  arteries,  distributed  to  the  mucous  membrane  of  the  air- 
passages. 

Several  interesting  experiments  have  been  made  on  this  exhala- 
tion, bv  Maoendib,  Milne  Edwards,  Breschet,  and  others.  If 
water  be  injected  into  the  pulmonary  artery,  it  passes  into  the  air- 
cells,  in  an  innumerable  quantity  of  almost  imperceptible  drops, 
and  mixes  with  the  air  contained  in  them. 

Magendie  found,  that  its  quantity  might  be  augmented  at  plea- 
sure on  living  animals,  by  injecting  distilled  water,  at  a  tempera- 
ture approaching  that  of  the  body,  into  the  venous  system.  He 
injected  into  the  veins  of  a  small  dog,  a  considerable  amount  of 
water.  The  animal  was  at  first  in  a  state  of  real  plethora,  the  vessels 
being  so  much  distended  that  it  could  scarcely  move;  but,  in  a  few 
minutes,  the  respiration  became  manifestly  hurried,  and  a  large 
quantity  of  fluid  was  discharged  from  the  mouth,  the  source  of  which 
appeared  evidently  to  be  in  the  pulmonary  transpiration  considera- 
bly augmented. 

Not  only,  howeyer,  is  the  aqueous  portion  of  the  blood  exhaled 
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in  this  manner.  Experiment  shows  that  many  substances,  when  in- 
troduced into  the  veins  by  absorption,  or  by  direct  injection,  issue 
by  the  lungs.  Weak  alcohol,  a  solution  of  camphor,  ether  and  other 
odorous  substances,  when  thrown  into  the  cavity  of  the  perito- 
neum or  elsewhere,  were  found,  by  Maoendie,  to  be  speedily  ab- 
sorbed by  the  veins  and  conveyed  to  the  lungs,  where  they  trans- 
uded into  the  bronchial  cells,  and  were  recognised  by  the  smell  in 
the  expired  air. 

Phosphorus,  when  injected,  exhibited  this  transmission  in  a  sin- 
gular and  evident  manner. 

Maoendie,  on  the  suggestion  of  M.  Armand  de  Montoarnt, 
**  a  young  physician,'^  he  remarks, "  of  much  merit,*'  now  no  more, 
injected  into  the  crural  vein  of  a  dog,  half  an  ounce  of  oil,  in  which 
phosphorus  had  been  dissolved;  and,  scarcely  had  he  finished  the 
injection,  before  the  animal  sent  through  the  nostrils  clouds  of  a 
thick,  white  vapour,  which  was  phosphorous  acid.  When  the  expe- 
riment was  made  in  the  dark,  these  clouds  were  luminous. 

More  lately,  MM.  Breschet  and  Milne  Edwards  have  made 
several  experiments,  for  the  purpose  of  discovering  why  the  pul- 
monary transpiration  expels  so  promptly  the  different  gaseous  and 
liquid  substances  received  into  Uie  blood. 

Considering  properly,  that  exhalation  differs  only  from  absorp- 
tion in  taking  place  in  an  inverse  direction,  these  gentlemen  con- 
jectured, that  it  ought  to  be  accelerated  by  every  force  that  would 
attract  the  fluids  from  within  to  without;  and  such  a  force  they  con- 
ceive inspiration  to  be,  which,  in  their  view,  s6licits  the  fluids  of 
the  economy  to  the  lungs,  in  the  same  mechanical  manner  as  it 
occasions  the  entrance  of  the  air  into  the  air-cells.  In  support  of 
this  view,  they  adduce  the  following  experim'ents. 

1.  To  the  trachea  of  a  dog,  a  pipe,  communicating  with  a  bel- 
lows, was  adapted,  and  the  thorax  was  largely  opened.  Natural 
respiration  was  immediately  suspended;  but  artificial  respiration 
was  kept  up  by  means  of  the  bellows.  The  surface  of  the  air-celb 
was,  in  this  way,  constantly  subjected  to  the  same  pressure;  there 
being  no  longer  diminished  pressure  during  expiration,  as  ^en 
the  thorax  is  sound,  and  the  animal  breathing  naturally. 

Six  grains  of  camphorated  spirit  were  now  injected  into  the  pe- 
ritoneum of  the  animal;  and,  at  the  same  time,  a  similar  quantity 
was  injected  into  another  dog,  whose  respiration  was  natural.  In 
the  course  of  from  three  to  six  minutes,  the  odorous  substance  was 
detected  in  the  pulmonary  transpiration  of  the  latter;  but  in  the 
other  it  was  never  manifested. 

In  the  first  animal,  they  now  exposed  a  part  of  the  muscles  cff 
the  abdomen,  and  applied  a  cupping-glass  to  it;  when  the  smell  of 
the  camphor  speedily  appeared  at  the  cupped  surface.  The  conclu- 
sion was  obvious,  that  the  pulmonary  surface,  having  ceased  to  be 
subjected  to  the  suction  force  of  the  chest,  during  inspiration,  the 
ahalation  was  arrested,  whilst  that  of  the  skin  was  developed  as 
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floon  M  an  action  of  aspiratioD  was  exerted  upon  it  by  the  cupiMng- 
glass. 

2.  Into  the  crural  veins  of  two  dogs; — one  of  which  breathed 
naturally,  and  the  other  was  circumstanced  as  in  the  last  experi- 
ment,—*they  injected  the  essential  oil  of  turpentine.  In  the  first  of 
these,  the  substance  was  soon  apparent  in  the  pulmonary  transpira- 
tion ;  and,  on  opening  the  body,  it  was  discovered,  that  the  turpen* 
tine  had  impregnated  the  lung  and  the  pleura  much  more  strongly 
than  the  other  tissues.  In  the  other  animal,  on  the  contrary,  the  odour 
of  the  turpentine  was  scarcely  apparent  in  the  vapour  of  the  lungs; 
and,  on  dissection,  it  was  not  found  in  greater  quantity  in  the  lungs, 
than  in  the  other  tissues; — in  the  pleura  than  in  the  peritoneum. 

From  the  results  of  these  experiments,  MM.  Breschet  and 
Cdwards  conclude,  that  each  inspiratory  movement  constitutes  a 
kind  of  suction,  which  attracts  the  blood  to  the  lungs;  and  which 
causes  the  ejection,  through  the  pulmonary  surface,  of  the  liquid 
and  gaseous  substances  that  are  mingled  with  that  fluid,  more  than 
through  the  other  exhalant  surfaces  of  the  body. 

In  their  experiments,  these  gentlemen  did  not  find  that  the  ex- 
halation was  efiected  with  equad  readiness  in  every  part  of  the  sur- 
face, when  the  cupping-glass  was  applied  in  the  manner  that  has 
been  mentioned.  The  skin  of  the  thigh,  for  example,  did  not  indi- 
cate the  odour  of  campliorated  alcohol,  as  that  of  the  region  of  the 
stomach. 

The  chymical  composition  of  the  pulmonary  transpiration  is  pro- 
bably nearly  identical  with  that  of  the  sweat;  appearing  to  consist 
of  water,  holding  in  solution,  perhaps,  some  saline  and  albuminous 
matter;  but  our  information,  on  this  matter,  derived  from  the  chy- 
mist,  is  not  precise.  Chaussier  found,' that  by  keeping  a  portion  of 
it  in  a  close  vessel,  exposed  to  an  elevated  temperature,  a  very  evi- 
dent putrid  odour  was  exhaled  on  opening  the  vessel.  This  Could 
only  have  arisen  from  the  existence  of  animal  matter  in  it 

The  pulmonary  transpiration  being  liable  to  all  the  modifications 
that  apply  to  the  cutaneous,  it  is  not  surprising  that  we  should  meet 
with  so  much  discordance  in  the  estimates  of  difierent  individuals, 
regarding  its  quantity  in  a  given  time.  Hai^s  valued  it  at  20  ounces 
in  the  twenty-four  hours;  Menzies  at  6  ounces;  Abbrnethy  at  9 
ounces;  Lavoisier  and  Seouin  at  17i  ounces,  paids  de  mare; 
Thomson  at  19  ounces,  and  Dalton  at  1  pound  $3  ounces. 

The  uses  it  serves,  in  the  animal  economy,  are  identical  with 
those  of  the  cutaneous  depuration. 

9.  Exhalation  of  the  Mucous  Membranes. 

The  mucous  membranes,  like  the  skin,  which  they  so  strongly 
resemble  in  their  structure,  functions  and  diseases,  exhale  a  similar 
transpiratory  fluid;  which  has  not,  however,  been  subjected  to  chy- 
mical examination.  It  is,  indeed,  almost  impracticable  to  separate  it 
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from  the  follicular  secretioDs,  poured  out  from  the  same  membrane; 
and  frt>m  the  extraneous  substances,  almost  always  in  contact  with 
it  It  is  probabiy,  howeyer,  similar  to  the  fluid  of  the  cutaneous 
and  pulmonary  depurations,  both  in  character  and  use. 

Sect,  II. — Follicular  Secretions. 

Th^  follicular  secretions  must,  of  necessity,  be  effected  from  the 
skin  or  the  mucous  membranes;  as  the  follicles  or  crypts  are  met 
with  there  only.  They  may,  therefore,  be  divided  into  two  classes:—* 
1st,  the  mucous  follicular  secretion;  and  2d,  the  cutaneous  follieu^ 
lar  secretion. 

1.  Mucous  Follicular  Secretion. 

The  whole  extent  of  the  great  mucous  membranes,  lining  the  ali- 
mentary canal,  the  air-passages  and  the  urinary  and  genital  organs, 
is  the  seat  of  a  secretion,  the  product  of  which  has  received,  in  the 
abstract,  the  name  of  mucus;  although  it  differs  somewhat  accord- 
ing to  the  situation  and  character  of  the  particular  follicles,  whence 
it  proceeds.  Still,  essentially,  the  structure,  functions  and  product 
are  the  same. 

In  the  history  of  the  different  functions,  in  which  some  of  the  mu- 
cous membranes  are  concerned,  the  uses  of  this  secretion  have  been 
detailed;  and  in  those  that  will  hereafter  have  to  engage  attention, 
in  which  other  mucous  membranes  are  concerned,  their  uses  will 
UXL  more  conveniently  under  notice  then*  But  few  points  will, 
therefore,  require  explanation  at  present 

The  mucus,  secreted  by  the  nasal  follicles,  seems  alone  to  have 
been  subjected  to  chymical  analysis.  Fourcrot  and  Vauquslin 
found  it  composed  of  precisely  the  same  ingredients  as  the  tears* 
According  to  the  analjrsis  of  Berzelius,  its  constituents  are  as  fol- 
lows:— water,  933.7;  mucus,  53.3;  muriates  of  potassa  and  soda, 
5.6 'j  lactate  of  soda,  with  animal  matter,  3.0;  soda,  0.9;  albumen 
and  animal  matter,  soluble  in  water,  but  insoluble  in  alcohol,  with 
a  trace  of  phosphate  of  soda,  3.5. 

The  great  use  of  mucus,  wherever  met  with,  is  to  lubricate  the 
surface  on  which  it  is  poured. 

2.  Follicular  Secretion  of  the  Skin. 

This  is  the  sebaceous  and  micaceous  humour,  observed  in  the 
skin  of  the  cranium,  and  in  that  of  the  pavilion  of  the  ear.  It  is 
also  the  humour,  which  occasionally  gives  the  appearance  of  small 
worms  beneath  the  skin  of  the  face,  when  it  is  forced  through  the 
external  aperture  of  the  follicle;  and  which  causes,  when  exposed 
to  the  air,  the  black  spots  sometimes  observable  on  the  face.  The 
cerumen  is,  likewise,  a  follicular  secretion,  as  well  as  the  whit- 
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iah,  odorous  and  fatty  matter,  which  forms  under  the  prepuce  of 
the  male,  and  in  the  external  parts  of  the  female,  where  cleanli- 
ness is  disregarded.  The  humour  of  Meibomius  is  also  foUicu- 
lar,  as  well  as  that  of  the  caruncula  lachrymalis.  The  use  of  this 
secretion  is,— to  favour  the  functions  of  the  part  oyer  which  it  is 
distributed.  That  which  is  secreted  from  the  skin,  is  spread  over 
the  epidermis,  hair,  &c.,  giving  suppleness  and  elasticity  to  the 
parts,  rendering  the  sur&ce  smooth  and  polished,  and  thus  obviat- 
ing the  evils  of  abrasion  that  anight  otherwise  arise.  It  is  also  con- 
ceived, that  its  unctuous  nature  may  render  the  parts  less  permeable 
to  humidity. 

Sect.  III.— OuuffDUULR  Secretions. 

* 

The  glandular  secretions  are  seven  in  number; — those  of  the  tears^ 
saliva,  pancreatic  juice,  bile,  urine^  sperm,  and  milk. 

1.  Secretion  of  the  liars. 

The  lachrymal  apparatus,  being  a  part  of  that  accessory  to  vision, 
was  described  under  that  head.  As  we  meet  with  the  tears,  they 
are  not  simply  the  secretion  of  the  lachrymal  gland,  but  of  the 
conjunctiva,  and  occasionally  of  the  caruncula  lachrymalis  and  folli- 
cles of  Meibomius.  They  have  a  saline  taste ;  mix  freely  with  water; 
and,  owing  to  the  presence  of  free  soda,  communicate  a  green  tint 
to  the  blue  infusion  of  violets.  Their  chief  salts  are  the  muriate,  and 
phosphate  of  soda.  According  to  Fourceot  and  Vavquelin,  the 
animal  matter  of  the  tears  is  mucus;  but  it  is  presumed  by  some  to 
be  albumen  or  an  analogous  principle. 

This  secretion  is  more  influenced  by  the  emotions  than  any  other; 
and  hence  it  is  concerned  Jn  the^expressions  of  lively  joy  and  sor- 
row, especially  of  the  latter. 

2.  Secretion  of  the  Saliva. 

The  salivary  apparatus  has,  likewise,  engaged  attention  else- 
where. It  consists  of  a  parotid  gland  on  each  side,  situated  in 
front  of  the  ear  and  behind  the  neck  and  ramus  of  the  jaw;  a  sub- 
maxillary f  beneath  the  body  of  the  bone;  and  a  sublingual^  situ- 
ated immediately  beneath  the  tongue, — ^the  parotids  and  submaxil- 
lary glands  having  each  but  one  excretory  duct,  the  sublingual  se- 
veral. ' 

All  these  ducts  pour  the  fluids  of  their  respective  glands  into  the 
mouth,  where  it  collects,  and  becomes  mixed  with  the  exhalation 
from  the  mucous  membrane  of  the  mouth,  and  the  secretion  from 
its  follicles.  It  is  this  mixed  fluid,  that  has  been  generally  ana- 
lyzed by  the  chyqiist 

According  to  Bsrzeuus,  its  constituents  are, — water,  092.2;  pe- 
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caliar  •nimal  matter,  2.9;  mucus,  1.4;  muriates  of  potassa  and  soda, 
1.7  ;  lactate  of  soda,  and  animal  matter,  0.9 ;  soda,  0.2.  Drs.  Bos- 
TOCcandTHOHAsTBoHsoN  think,  that  the  "mucus"  of  Bbrzelius 
resembles  coagulated  albumen  in  its  properties. 

MM.  L£nR£T  and  Lassatgne  analyzed  pure  saliva,  obtained 
firom  an  individual  labouring  under  salivary  fistula,  and  found  it  to 
contain, — water,  mucus,  traces  of  albumen,  soda,  chloride  of  potas- 
sium, chloride  of  sodium,  carbonate  and  phosphate  of  lime  ; — and 
lastly,  Messrs.  Tiedeuanh  and  GuEiorr  afErm,  that  the  saliva  con- 
tains only  one  or  two-hundredths  of  aolid  matter,  which  are  com- 
posed of  a  peculiar  substance,  called  salivary  matter;  osmazome; 
mucus;  perhaps  albumen;  a  little  fat,  containing  phosphorus;  and 
the  insoluble  salts — phosphate  and  carbonate  of  lime.  Besides  these, 
they  detected  the  following  soluble  salts; — acetate,  carbonate,  phos- 
phate, sulphate,  and  muriate  of  potassa,  and  the  sulpho-cyanate  of 
potassa. 

As  the  salivary  secretion  forms  an  important  part  in  the  processes 
preparatory  to  stomachal  diKestion,  its  uses  have  been  detailed  in 
the  first  volume  of  this  work. 

3.  Secretionqf  the  Pancreatic  Juice. 

The  pancreas  or  sweatbread,  Fig.  122,  G.,  secretes  a  juice  or 
humour,  called  succus  pancreaticus  ot  pancreatic  juice.     Its  tex- 
ture resembles  that  of  the  aalivary  glands ;  and  hence  it  has  been 
called,  by  some,  the  abdominal  salivary  gland.     It  is  situated 
transversely  in  the  abdomen,  behind  the  stomach,  towards  the  con- 
cavity of  the  duodenum;  is  about  six  inches  long;  of  a  reddish- 
white  colour,  and  firm  consist- 
ence. Its  eicretory  duets  ter-  Figi  121, 
roinate  in  one, — called   the 
duct    of   WiHsmro, — which 
opens  into  the  duodenum,  at 
limes  separately  from  the  duc- 
tus  communis    choledochus, 
but  close  to  it;  atothertimes, 
bein^   confounded  wiUi,   or 
opening  into,  it. 

The  quantity  of  fiuid,  se- 
creted by  the  pancreas,  does 
not  seem  to  be  considerable. 
Maoeitdis,  in  his  experi- 
ments, was  struck  with  the       ^  ^     .  ,  _  , .^  ■„   .»^  .^   -^ 

,,'  ,.  ...  «0.  TlebcHtie  dart.  nniwabT  ft  Hui«h  from  (M  zinc, 

small    quanbty    dischareed.  •BdcMftDuaekftiDheDriiKlinr.-A.  Foutuofpiii- 

1?_  .1_  1  J  blrfder.-c.  *  Boil  i"*  ■"*  rf  mll^bidct^-t.  Cynio 

frequently,  scarcely  a  drop  dun.-/.  Diu!tnHiiiuD>m>iEbbiRi^ianu.-jj.Tniiikuiii 
issued  in  half  an  hour;  andjiSJ^^iiSJSS.'SSSSS.S'.SSVSiX:'^.^ 
occasionally,  a  much  longer  "*■"*■  *"■  *»*™™- 
time  elapsed.    Nor  did  he  find  that  the  flow,  according  to  tht  com- 
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mon  opinion  and  to  probability,  was  more  rapid  whilst  digestion  was 
going  on. 

It  will  be  easily  understood,  therefore,  that  it  cannot  ke  an  easy 
task  to  collect  it  Db  Graaf,  a  Dutch  anatomist  affirms,  that  he 
succeeded  by  introducing,  into  the  intestinal  end  of  the  excretory 
duct,  a  small  quill,  terminating  in  a  phial  fixed  under  the  belly  of 
the  animal.  Maosndie,  however,  states,  that  he  tried  this  plan 
several  times  but  without  success;  and  he  believes  it  to  be  imprac- 
ticable. The  plan  he  adopts  is  to  expose  the  intestinal  orifice  of 
the  duct;  to  wipe,  with  a  fine  cloth, the  surrounding  mucous  mem* 
brane;  and,  as  soon  as  a  drop  of  the  fluid  oozes,  to  suck  it  up  by 
means  oiK  pipette  or  small  glass  tube^  In  this  way  he  collected  a 
few  drops,  but  never  sufficient  to  undertake  a  satisfactory  anal3rsis. 

Messrs.  Tiedemann  and  Gmelin  make  an  incision  into  the  ab- 
domen ;  draw  out  the  duodenum,  and  a  part  of  the  pancreas;  and, 
opening  the  excretory  duct,  insert  a  tube  into  it ;  and  a  similar  plan 
was  adopted  successfully  on  a  horse  by  MM.  Leijret  and  Lass aione. 

The  difficulty  experienced  in  collecting  a  due  quantity,  is  a  pro- 
bable cause  of  some  of  the  discrepancy  amongst  obwrvers,  regarding 
its  sensible  and  chymical  properties. 

Some,  of  the  older  physiologists  affirm  it  to  be  acidulous  and  sa- 
line; others  assert  that  it  is  alkaline. 

The  majority  of  those  of  the  present  day  compare  it  to  the  sa- 
liva, and  aiOSrm  it  to  be  inodorous,  insipid,  viscid,  limpid,  and  of  a 
bluish  white  colour.  The  latest  experimenters  by  no  means  ac- 
cord with  each  other. 

According  to  Maosndie,  it  is  of  a  slightly  yellowish  hue,  saline 
taste,  devoid  of  smell,  occasionally  alkdine,  and  partly  coagulable 
by  heat 

MM.  Leuret  and  Lassaigne  found  that  of  the  horse,  of  which 
they  obtained  three  ounces,  to  be  alkaline,  and  composed  of  991 
parts  of  water  in  1000;  of  an  animal  matter,  soluble  in  alcohol; 
another,  soluble  in  water;  traces  of  albumen  and  mucus;  free  soda; 
chloride  of  sodium;  chloride  of  potassium,  and  phosphate  of  lime. 

In  their  view,  consequently,  the  pancreatic  juice  strongly  resem- 
bles the  saliva. 

MM.  TiEDEMANif  and  Gmelin  succeeded  in  obtaining  upwards 
of  two  drachms  of  the  juice  in  four  hours;  and,  in  100  parts,  they 
found  from  five  to  eight  solid.  These  solid  parts  consisted  of 
osmazome;  a  matter  which  became  red  by  chlorine;  another  analo- 
gous to  caseine,  and  probably  associated  with  salivary  matter;  much 
albumen;  a  little  free  acid,  probably  the  acetic;  the  acetate,  phos- 
phate, and  sulphate  of  soda,  wittva  little  potassa;  chloride  of  potas- 
sium, and  carbonate  and  phosphate  of  lime:  so  that,  according  to  these 
gentlemen,  the  pancreatic  juice  difiers  from  the  saliva  in  containing^ 
— a  little  free  acid,  whiist  the  saliva  is  alkaline;  much  albumen, 
and  matter  resembling  caseine;  but  little  mucus  and  salivary  mat- 
ter, and  no  sulpho-cyanate  of  potassa. 


The  pracifs  um  of  the  pancreatic  juice  in  digestion  is  not  deter- 
mined. 

4.  Secretion  qf  the  Bile. 

The  biliary  secretion  is,  also,  a  digestive  fluid,  of  which  we  have 
spoken  in  the  appropriate  place.  The  mode,  however,  in  which 
the  process  ia  effected,  has  not  yet  been  investigated. 

The  apparatus  consists  of  the  liver,  which  accomplishes  the  for- 
matioD  of  the  fluid;  the  hepatic  dtiet, — the  excretory  channe],  by 
which  the  bile  is  discharged;  the  gall-bladder,  in  which  a  portion 
of  the  biie  is  retained  for  a  time;  the  cystic  duct — -the  excretory 
channel  of  the  gall-bladder;  and  the  ductus  eommunia  choledochua, 
ot  choledoch  duct,  formed  by  the  union  of  the  hepatic  and  cystic 
ducts,  and  which  conveys  the  bile  immediately  into  the  duodenum. 

The  liver.  A,  A,  Fig.  92,  and 
A,  A,  Fig.  129,  is  the  litest  ^and  Fig.  182. 

in  the  body;  sitnated  in  the  abdo- 
men, bene^  the  diaphragm,  above 
the  stomach,  the  arch  of  the  colon, 
and  the  duodenum;  filling  the 
whole  of  the  right  hypochondrium, 
and  more  or  Jesa  of  the  epigas- 
trinm,  and  fixed  in  its  situation  by  I 
duplicatures  of  the  peritoneum, 
called  ligaments  of  the  liver. 

The  weight  of  the  human  liver 
is  generally,  in  the  adult,  about 
three  or  four  pounds.  In  disease, 
however,  it  sometimes  weighs 
twenty  or  twenty-five  pounds; 
and,  at  other  times,  not  as  many 
ounces.  Its  shape  is  irregular, 
aad  it  is  divided  into  three  chief 
lobes,  the  right,  the  /{/*/,  and  the 
iobuiua  apigelii.  Its  upper  convex 
surface  touches  every  where  the 
arohof  the  diaphragm.  The  lower 
concave  auriace  corresponds  to  the 
stomach,  colon,  and  right  kidney. 

At  the  eoneave  surface,  two^ 
Ji»ntre$  are  observable; — the  one^ 
passiDg  from  before  to  behind,  and  o.^ 

lodging  the  umbilical  vein  in  thei^' _... 

ftetua-— called  the  Aor«(wi/af*fifct«;;J^,Z|.'^i,^ 

ot  Juture,  great  JUwure,  or  foaaa  SSci'j^ 

wnbiUeaiis;  the  other,  cutting  the  i>uto. 

last  at  right  angles,  and  running  from  right  to  left,  by  whiefa  the 
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diflfereni  nerres  and  vessels  proceed  to  aod  fipom  the  lirer,  and 
called  the  principal  fiasurtj  or  sulcus  transvcrsus. 

The  liver  itself  is  composed  of  the  following  anatomical  elements: 
— 1.  The  hepatic  artery y  a  branch  of  the  coeliacy  which  ramifies 
minutely  through  the  substance  of  the  organ.  The  minuter  branches 
of  this  artery  are  arranged  somewhat  like  the  hairs  in  a  painter's 
brush,  and  have  hence  been  called  the  penicilli  of  the  liver.  2.  The 
venaporta^  which  we  have  elsewhere  seen  to  be  the  common  trunk 
of  all  the  veins  of  the  digestive  organs  and  of  the  spleen.  It  divides 
like  an  artery,  its  branches  accompanying  those  of  the  hepatic  artery.. 
Where  the  vein  lies  in  the  transverse  fissure,  it  is  of  great  size,  and 
has  hence  been  called  sinus  venas  poriat.  The  possesMon  of  two 
vascular  systems,  containing  blood,  is  peculiar  to  the  liver,  and  has 
been  the  cause  of  somedifierence  of  opinion,  with  regard  to  the  precise 
material — arterial  or  venous — from  which  the  bile  is  derived.  3.  The 
excretory  ducts  or  biliary  ducts.  These  are  presumed  to  arise 
from  acini,  communicating,  according  to  some,  with  the  extremities 
of  the  vena  porte;  according  to  others,  with  the  radicles  of  the  he- 
patic artery.  At  their  commencement,  they  are  termed  pori  biUarii. 
These  ultimately  form  two  or  three  large  trunks,  which  issue  front 
the  liver  by  the  transverse  fissure,  and  end  in  the  hepatic  duct.  4* 
Lymphatic  vessels.  5.  Nerves^  in  small  number,  compared  with 
the  size  of  the  liver,  some  proceeding  from  the  eighth  pair;  but  the 
majority  from  the  solar  plexus,  and  following  the  course  and  divi- 
sions of  the  hepatic  artery,  6.  The  supra-hepatic  veinSj  or  venae 
cavae  hepaticae^  which  arise  in  the  liver  by  imperceptible  radicles, 
communicating  with  the  final  ramifications  of  both  the  hepatic  artery 
and  vena  portae.  They  return  the  superfluous  blood,  carried  to  the 
liver  by  these  vessels,  by  means  of  two  or  three  trunks,  and  six  or 
seven  branches,  which  open  into  the  vena  cava  inferior.  These 
veins  generally  pass,  in  a  convergent  manner,  towards  the  posterior 
margin  of  the  liver,  and  cross  the  divisions  of  the  vena  portsB  at 
right  angles.  7.  The  remains  of  the  umbilical  vein,  which,  in  the 
foetus,  enters  at  the  horizontal  fissure.  This  vein,  after  respiration 
is  established,  becomes  converted  into  a  ligamentous  substance, 
called, from  its  shape, /tj'amen/um  rotundum^ov round  ligamenL 

The  parenchyma,  formed  by  these  anatomical  elements,  it  is  dif- 
ficult to  describe;  and  although  the  term  liver^oloured  is  used  in 
common  parlance,  it  is  not  easy  to  say  what  are  the  ideas  attached 
to  it 

The  organ  has  two  coats; — the  outer,  derived  from  the  perito- 
neum, which  is  very  thin,  transparent,  easily  lacerable,and  vascular, 
and  is  the  seat  of  the  secretion,  operated  by  serous  membranes  in 
general.  It  does  not  cover  the  posterior  part,  nor  the  excava- 
tion for  the  gall-bladder,  the  vena  cava,  nor  the  fissures  in  the  con- 
cave surface  of  the  liver.  The  inner  coat  is  the  proper  mem- 
brane of  the  liver.  It  is  thin,  but  not  easily  torn,  and  it  oov^^s  not 
only  every  part  of  the  surfiMse  of  the  liver,  but  also  the  large  vessels 
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ihtft  are  proper  to  the  organ.  The  condensed  cellular  substance, — 
which  unites  the  sinus  of  the  vena  portae  and  its  two  great  branches, 
the  hepatic  artery,  the  common  biliary  duct,  lymphatic  glands, 
lymphatic  vessels,  and  nerves  in  the  transverse  fossa  or  fissure  of  the 
liver, — was  described  by  Gusson  as  a  capsule;  and  hence  has  been 
called  the  capsule  o/Gimsov. 

Tlie  gall-bladder,  (Figs.  92, 121,  and  122,)  is  a  small  membranous 
pouch,of  a  pyriform  shape,  situated  at  the  inferior  and  concave  sur- 
£ice  of  the  liver,  to  which  it  is  attached,  and  above  the  colon  and 
duodenum.     A  quantity  of  bile  is  usually  found  in  it 

The  gall-bladder  is  not  found  in  all  animals.  It  is  wanting  in  the 
elephant,  horse,  stag,  camel,  rhinoceros,  and  goat;  in  certain  of  the 
eetacea;  and  in  some  birds,  as  the  ostrich,  pigeon,  and  parrot;  and 
is  occasionally  deficient  in  man. 

Its  largest  part  or /undtiSyYi^.  121  and  122,  is  turned  forwards; 
and,  when  filled,  frequently  projects  beyond  the  anterior  margin  of 
the  liver.  Its  narrowest  portion,  cervix  or  neck  is  turned  backwards, 
and  terminates  in  the  cystic  duct  Externally,  it  is  partly  covered 
by  the  peritoneum  which  attaches  it  to  the  liver,  and  to  which  it  is, 
moreover,  adherent  by  cellular  tissue  and  vessels. 

Internally,  it  is  rugous;  the  folds  being  reticulated,  and  appearing 
somewhat  like  the  cells  of  a  honey-comb. 

Anatomists  have  differed  with  regard  to  the  number  of  coats  pro- 
per to  the  gall-bladder.  Some  have  described  two  only; — the  peri- 
toneal and  mucous;  others  have  added  an  intermediate  cellular  coat; 
whilst  others  have  reckoned  four;*— a  peritoneal  coat; — a  thin  stra- 
tum of  muscular  fibres,  passing  in  different  directions,  and  of  a  pale 
colour;  a  cellular  coat,  in  which  a  number  of  blood-vessels  is  situ- 
ated; and  an  internal  mucous  coat  The  existence  of  the  muscular 
coat  has  been  denied  by  perhaps  the  generality  of  anatomists;  but 
there  is  reason  for  believing  in  its  existence.  Amussat  saw  mus- 
cular fibres  distinctly  in  a  gall-bladder  dilated  by  calculi;  and 
Dr.  MonBo,  the  present  Professor  of  anatomy  in  the  University  of 
Edinburgh,  asserts,  that  he  has  seen  it  contract,  in  a  living  animal, 
for  half  an  hour,  tinder  mechanical  irritation,  and  assume  the  shape 
of  an  hour-glass. 

The  mucous  coat  forms  the  rugs  to  which  we  have  already  al- 
luded. In  the  neck,  and  in  the  beginning  of  the  cystic  duct,  there  are 
from  three  to  seven,— sometimes  twelve,»-semilunar  duplicatures, 
which  retard  the  Bow  of  any  fluid  inwards  or  outwards.  These  are 
sometimes  arranged  spirally,  so  as  to  form  a  kind  of  valve,  accord- 
ing to  Amxtssat. 

On  the  inner  surface  of  the  gall-bladder,  especially  near  its  neck, 
numerous  follicles  exist;  the  secretion  from  which  is  said  to  fill  the 
gall-bladder,  when  that  of  the  bile  has  been  interrupted  by  disease, 
as  in  yellow  fever,  scirrhus  of  Uie  liver,  &c. 

The  hepatic  duet.  Fig.  121,  a,  is  the  common  trunk  of  all  the 
excretory  vessels  of  the  liver;  and  makes  its  exit  from  that  organ 
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by  the  transverse  fissure.  It  is  an  inch  and  a  half  ia  length,  and 
about  the  diameter  of  an  ordinary  writing  quilL  It  is  joined,  at  a 
very  acute  angle,  by  the  duct  from  the  gall-bladder^— 4he  cj/»tie  duet, 
Fig.  121,  e,  to  form  the  ductus  communis  eholedochus.  The  cystic 
duct  is  about  the  same  length  as  the  hepatic 

The  ductus  communis  eholedochus  is  about  three  or  three  and 
a  half  inches  long.  It  descends  behind  the  right  extremity  of  the 
pancreas,  through  its  substance;  passes  for  an  inch  obliquely  between 
the  coats  of  the  duodenum,  diminishing  in  diameter;  and  ultimatdy 
terminates  by  a  yet  more  contracted  orifice,  on  the  inner  surface 
of  the  intestine,  at  the  distance  of  three  or  four  inches  from  the  sto- 
mach. 

The  structure  of  all  these  ducts  is  the  same.  The  external  coat 
is  thick,  dense,  strong,  and  generally  supposed  to  be  of  a  cellular 
character;  the  inner  is  a  mucous  membrane,  like  that,  which  lines 
the  gall-bladder. 

The  secretion  of  the  bile  is  probably  efiected  like  the  othmr  glan* 
dular  secretions;  modified,  of  course,  by  the  peculiar  structure  GMf  the 
liver.  We  have  seen  that  the  organ  differs  from  every  other  secre- 
tory apparatus,  in  having  two  kinds  of  blood  distributed  to  it: — ar- 
terial blood  by  the  hepatic  artery;  and  venous  blood  by  the  vena 
portae.  A  question  has  consequently  arisen — ^from  which  of  these 
IS  the  bile  formed? 

Anatomical  inspection  throws  no  light  on  the  subject;  and,  ac« 
cordingly,  argument  is  all  that  can  be  adduced  on  one  side  or  the 
other. 

The  most  common  and  the  oldest  opinion  is,  that  the  bile  is  se- 
parated from  the  blood  of  the  vena  portae;  and  tiie  chief  reasons,  ad- 
duced in  favour  of  this  belief,  are  the  following.  First  The  blood 
of  the  portal  system  is  better  adapted  than  arterial  blood  for  the  for- 
mation of  bile,  on  account  of  its  having,  like  all  venous  blood,  more 
carbon  and  hydrogen,  which  are  necessary  for  the  production  of  a 
humour  as  fat  and  oily  as  the  bile;  and  it  has  been  imagined,  by 
some,  that  the  blood,  in  crossing  the  omentum^  becomes  loaded  with 
fat.  Secondly.  The  vena  portas  ramifies  in  the  liver,  after  the  manner 
of  an  artery,  and  evidently  communicates  with  the  secretory  ves- 
sels of  the  bile.  Thirdly.  It  is  larger  than  the  hepatic  artery;  and 
more^  in  proportion  to  the  size  of  the  liver;  the  hepatic  artery 
seeming  to  be  merely  for  the  nutrition  of  the  liver,  as  the  bronchial 
artery  is  for  that  of  the  lung. 

In  «answer  to  these  positions  it  has  been  argued;  that  there 
«eems  to  be  no  more  reason  why  the  bile  should  be  formed  from 
venous  blood  than  the  other  fatty  and  oleaginous  humours — ^the  mar- 
row and  fat,  for  example, — which  are  derived  from  arterial  blood. 

It  is  asked,  again,  whether,  in  fact,  the  blood  of  the  vena  porta  is 
really  more  rich  in  carbon  and  hydrogen?  and  whether  there  is  a 
closer  chymical  relation  between  the  bile  and  theUood  of  the  ^poena 
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porte)  than  between  the  fat  and  arterial  blood?  The  notion  of  the 
absorption  of  fat  from  the  omentum^  it  is  properly  urged,  is  totally 
gratuitous.  Secondly.  Admitting  that  the  vena  portae  is  distributed 
to  the  liver  after  the  manner  c^  an  artery;  is  it  clear,  it  has  been 
asked,  that  it  is  inservient  to  the  biliary  secretion?  Thirdly,  If  the 
vena  ports  be  more  in  proportion  to  the  size  of  the  liver  than  the 
hepatic  artery,  the  latter  appears  to  bear  a  better  ratio  to  the  quan- 
tity of  bile  secreted;  and,  moreover,  it  is  probable,  as  has  been 
shown  in  another  place,  that  the  liver  has  other  functions  connect- 
ed with  the  portal  system,  in  the  admixture  of  heterogeneous  liquids 
absorbed  from  the  intestinal  canal. 

In  the  absence  of  direct  experiment,  however,  physiologists  have 
usually  embraced  one  or  other  of  these  exclusive  views.  The  gene- 
rality, as  we  have  remarked,  assign  the  function  to  the  vena  portse. 
BicH  AT,  on  the  other  hand,  ascribes  it  to  the  hepatic  artery.  Brouss Ais 
thinks  it  probable,  that  the  blood  of  the  vena  ports  is  not  foreign 
to  the  formation  of  the  bile,  since  it  is  confounded  with  that  of  the 
hepatic  artery  in  the  parenchyma  of  the  liver;  ^^  but  to  say  with  the 
older  writers,  that  the  bile  cannot  be  formed  but  by  venous  blood, 
is,  in  oar  opinion''  he  remarks  **  to  advance  too  bold  a  position, 
since  the  hepatic  artery  sends  branches  to  each  of  the  glandular  aci- 
ni, that  compose  the  liver."  Magendie  likewise  concludes,  that 
nothing  militates  against  the  idea  of  both  kinds  of  blood  serying  in 
the  secretion;  and  that  it  is  supported  by  anatomy;  as  injections 
prove,  that  all  tiie  vessels  of  the  liver,^ — arterial,  venous,  lymphatic, 
and  excretory, — communicate  with  each  other. 

The  view,  tiiat  ascribes  the  bile  to  the  hepatic  artery,  appears  to 
us  the  most  probable.  It  has  all  analogy  in  its  favour.  We  have 
no  disputed  origin  as  regards  the  other  secretions.  They  all  pro- 
ceed from  arterial  blood;  and  function  su£Scient,  we  think,  can  be 
assigned  to  the  portal  system,  without  conceiving  it  to  be  concerned 
in  the  formation  of  bile.  We  have,  moreover,  pathological  cases, 
which  prove  that  the  bile  can  be  formed  from  the  blood  of  the  he- 
patic artery.  Mr.  Abernetht  met  with  an  instance,  in  which  the 
trunk  of  the  vena  ports  terminated  in  the  vena  cava;  yet  bile  was 
found  in  the  biliary  ducts,  which  could  have  been  derived  only 
from  the  hepatic  artery.  A  similar  case  is  given  by  Mr.  Lawrence; 
and  the  present  Professor  Monro,  in  his  ^^  Elements  of  Anatomy'' 
details  a  case  communicated  to  him  by  the  late  Mr.  Wilson,  of  the 
Windmill  street  school,  in  which  there  was  reason  to  suppose,  that 
the  greater  part  of  the  bile  had  been  derived  from  the  hepatic  ar- 
tery. The  patient,  a  female,  thirteen  years  old,  died  from  the  ef- 
fects of  an  injury  of  the  head.  On  dissection,  Mr.  Wilson  found  a 
large  swelling  at  the  root  of  the  mesentery,  consisting  of  several  ab- 
sorbent glands  in  a  scrofulous  state.  Upon  cutting  into  the  mass, 
he  accidentally  observed  a  large  vein  passing  directly  from  it  into 
the  vena  cava  inferior,  which,  on  dissection,  proved  to  be  the  vena 
portse;  and  on  tracing  the  vessels  entering  into  it,  one  was  found  to 
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be  the  inferior  mesenteric  vein;  and  another^  which  came  directly 
to  meet  it  from  behind  the  stomachy  proved  to  be  a  branch  of  the 
splenic  vein,  but  somewhat  larger,  which  ran  upwards  by  the  side 
of  the  vena  cava  inferior,  and  entered  that  vein  immediately  before 
it  passes  behind  the  liver.  Mr.  Wilson  then  traced  the  branches 
of  the  trunk  of  the  vessel  corresponding  to  the  vena  portae  soiS- 
ciently  far  in  the  mesentery  and  mesocolon,  to  be  convinced,  that 
it  was  the  only  vessel  that  returned  the  blood  from  the  small  in- 
testines, and  from  the  cecum  and  colon  of  the  large.  He  could 
trace  no  vein  passing  into  the  liver  at  the  cavity  of  the  porta;  but 
a  small  vein  descended  from  the  little  epiploon,  and  soon  joined  one 
of  the  larger  branches  of  the  splenic  vein.  The  hepatic  artery  came 
ofif  in  a  distinct  trunk  from  the  aorta,  and  ran  directly  to  the  liver. 
It  was  much  larger  than  usual. 

The  greater  size  of  the  hepatic  artery,  in  this  case,  would  favour  the 
idea,  that  the  arterial  blood  had  to  execute  some  office,  that  ordina- 
rily belongs  to  the  vena  portal  Was  this  the  formation  of  bile?  The 
case  shows  positively,  too,  that  bile  can  be  formed  from  the  blood  of 
the  hepatic  artery. 

When  bile  is  once  secreted  in  the  tissue  of  the  liver,  it  is  re- 
ceived into  the  minute  excretory  radicles,  whence  it  proceeds  along 
the  ducts,  until  it  arrives,  from  all  quarters,  at  the  hepatic  duct 

A  difference  of  sentiment  exists  regarding  the  flow  of  the  bile 
from  the  liver  and  gall-bladder  into  the  duodenum.  According  to 
some,  it  is  constantly  passing  along  the  choledoch  duct;  but  the 
quantity  is  not  the  same  during  digestion  as  at  other  times.  In  the 
intervals,  a  part  only  of  the  secreted  bile  attains  the  duodenum;  the 
remainder  ascends  along  the  cystic  duct,  and  is  deposited  in  the 
gall-bladder.  During  digestion,  however,  not  only  the  whole  of 
the  secretion  arrives  at  the  duodenum,  but  all  that  which  has  been 
collected  in  the  interval  is  evacuated  into  the  intestine.  In  sup- 
port of  this  view  it  is  affirmed,  that  bile  is  always  met  with  in  the 
duodenum;  that  the  gall-bladder  always  contains  more  bile  when 
abstinence  is  prolonged,  whilst  it  is  empty  immediately  after  di- 
gestion. 

The  great  difficulties  have  been,  to  explain  how  the  bile  gets  into 
the  gall-bladder,  and  how  it  is  expelled  from  that  reservoir.  In 
many  birds,  reptiles,  and  fishes,  the  hepatic  duct  and  the  cystic  duct 
open  separately  into  the  duodenum ;  whilst  ducts,  called  tupato- 
cystiCy  pass  directly  from  the  liver  to  the  gall-bladder.  In  man, 
however,  the  only  visible  route  by  which  it  can  reach  that  reservoir, 
is  by  the  cystic  duct,  the  direction  of  which  is  retrograde ;  and,  con- 
sequently, the  bile  has  to  ascend  against  gravity.  The  spiral  valve 
of  Amussat  has  been  presumed  to  act  like  the  screw  of  Archi- 
ifBDES,  and  to  facilitate  the  entrance  of  the  refluent  bile,  but  this 
appears  to  be  imaginary.  It  is,  indeed,  impossible  to  see  any  analogy 
between  the  corporeal  and  the  hydraulic  instrument  The  arrange- 
ment of  the  termination  of  the  choledoch  duct  in  the  duodenum  has 
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jnrabably  a  more  positive  inflaence.  The  embouchure  is  the  narrowest 
part  of  the  duct,  the  ratio  of  its  calibre  to  that  of  the  hepatic  duct 
having  been  estimated  at  not  more  than  one  to  six,  and  to  the  calibre 
of  its  own  duct  as  one  to  fifteen.  This  would  render  it  impracticable 
for  the  bile  to  flow  into  the  duodenum  as  promptly  as  it  arrives  at 
the  embouchure;  and,  in  this  way,  collecting  in  the  duct,  it  might 
reflow  into  the  gall-bladder.  Amussat,  indeed,  a£5rms,  that  this 
can  be  demonstrated  on  the  dead  body.  By  injecting  water  or  mer- 
cury into  the  upper  part  of  the  hepatic  duct,  the  injected  liquid  was 
found  to  issue  both  by  the  aperture  into  the  duodenum,  and  by  the 
upper  aperture  of  the  cystic  duct  into  the  gall-bladder. 

With  regard  to  the  mode  in  which  the  gall-bladder  empties  itself 
during  digestion,  it  is  probably  by  a  contractile  action.  We  have 
seen,  that  it  has  not  usually  been  admitted  to  possess  a  muscular 
coat,  but  that  it  is  manifestly  contractile.  The  chyme,  as  it  passes 
into  the  duodenum,  excites  the  orifice  of  the  choledoch  duct;  this 
excitement  is  propagated  along  the  ducts  to  the  gall-bladder,  which 
contracts;  but,  according  to  Amussat,  does  not  evacuate  its  con- 
tents suddenly,  for  the  difierent  planes  of  the  spiral  valve  are  ap- 
plied against  each  other,  and  only  permit  the  flow  to  take  place 
slowly.  This  he  found  was  the  case,  in  the  subject,  when  water 
was  injected  into  the  gall-bladder,  and  pressed  out  through  the  cys- 
tic duct 

Other  physiologists  haye  presumed,  that  although  the  bile  is  se- 
creted in  a  continuous  manner,  it  only  flows  into  the  duodenum  at 
the  time  of  ehylification;  at  other  times,  the  choledoch  duct  is  con- 
tracted, so  that  the  bile  is  compelled  to  reflow  through  the  cystic 
duct  into  the  gall-bladder;  and  it  is  only  when  the  gall-bladder  is 
filled,  that  it  passes  freely  into  the  duodenum.  Independently^ 
however,  of  other  objections  to  this  view,  vivisections  have  shown^ 
that  if  the  orifice  of  the  choledoch  duct  be  exposed,  whatever  may 
be  the  circumstances  in  which  the  animal  is  placed,  the  bile  is  seen 
iasuing  guttatim  at  the  surface  of  the  intestine. 

The  biliary  secretion,  which  proceeds  immediately  from  the 
liver, — hence  called  hepatic  6t/ie,---difier8  from  that  obtained  from 
the  gall-bladder,  which  is  termed  cystic  bile.  The  latter  possesses 
greater  bitterness,  is  thicker,  of  a  deeper  colour,  and  is  that  which 
has  been  usually  analyzed.  It  is  of  a  yellowish-green  colour,  viscid, 
and  slightly  bitter.  Its  chymical  properties  have  been  frequently 
examined;  yet  much  is  still  needed,  before  we  can  consider  the 
analysis  satisfactory.  It  has  been  examined  by  Boerhaave,  Ver- 
HSTEN,  Baolivi,  Hartmann,  Macbride,  Ramsat,  Gaubius, 
Cadet,  Van  Bochante,  Pottlletier  de  la  Salle,  Fourcrot, 
Macoluro,  Tuenard,  Berzelius,  Chevreul,  Lettret  and  Las- 
saions,  Tiebbhaivn  and  Gmelin,  &c.  &c. 

Thshard's  analysis  of  1100  parts  of  human  bile  is  as  follows: — 
Water,  1000;  albumen,  42;  resinous  matter,  41 ;  yellow  matter,  2 
to  10;  free  soda,  5  or  6;  phosphate,  muriate,  find  sulphate  of  soda, 
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phoephatQ  of  limei  and  oxide  of  ironi  4  ar  5.  Aeeordiog  to  Chstal* 
UEBf  it  contains  also  a  quantity  of  picromeL 

BxEZELius  calls  in  question  the  correctness  of  Thenard's  ana- 
Ijrsis,  and  gives  the  following: — ^Water,  908*4;  picromel,  80;  albu- 
men,  3.0;  soda,  4.1;  phosphate  of  lime,  0.1 ;  common  salt,  3.4;  phos- 
phate of  soda,  with  some  lime,  1.0. 

The  results  of  Dr.  Davt's  analysis  of  healthy  bile  were  as  fol- 
lows:— ^Water,  86.0;  resin  of  bile,  12.5;  albumen,  1.5.  Lastly,  the 
few  experiments,  that  were  performed  by  Tiedemann  and  Gbcslih 
on  human  bile,  indicated  the  existence  of  cholesterine,  resin,  picro- 
mel,  &c.,  and  accorded  greatly  with  the  analysis  of  Thenard. 

Hepatic  and  cystic  bile  do  not  appear  to  dififer  materially  from 
each  other,  except  in  the  greater  concentration  of  the  different  ele- 
ments in  the  latter.  Leuret  and  Lassaigne  found  them  to  be  alike 
in  the  dog.  Orfila,  however,  affirms,  that  human  hepatic  bile 
does  not  contain  picromel. 

The  great  uses  of  the  bile  have  been  detailed  under  the  head  of 
digestion.  It  has,  likewise,  been  conceived  to  be  a  necessary  depu- 
rative  excretion;  separating  from  the  blood  matters  that  would  be 
injurious  if  retained.  This  last  idea  is  probable;  but  our  knowledge 
of  the  precise  changes,  produced  in  the  mass  of  blood  by  it,  are  ex- 
tremely limited.  If  its  excretion  be  prevented  from  any  cause,  we 
know  that  derangement  is  induced;  but  it  is  probable,  that  its  agency 
in  the  production  of  disease  is  much  overrated;  and  that,  as  Brous- 
sAis  has  suggested,  the  source  of  many  of  the  affections,  termed 
biliou8y\s  in  the  mucous  membrane  lining  the  stomach  and  intestines; 
which,  owing  to  the  heterogeneous  matters  constantly  brought  into 
contact  with  it,  must  be  peculiarly  liable  to  be  morbidly  affectedi 
When  irritation  exists  there,  we  can  easily  understand  how  the 
secretion  from  the  liver  may  be  consecutively  modified;  the  excite- 
ment spreading  directly  along  the  biliary  ducts  to  the  secretory 
organ. 

5.  Secretion  of  Urine. 

This  is  the  most  extensive  secretion,  accomplished  by  any  of.  the 
glandular  structures  of  the  body,  and  is  essentially  depurative;  its 
suppression  giving  rise  to  formidable  evils.  The  apparatus  consists 
of  the  A^i^ne^^,  which  secrete  the  fluid;  the  ureters^  which  convey 
the  urine  to  the  bladder;  the  bladder  itself,  which  serves  as  a  reser- 
voir for  the  urine;  and  the  urethra^  which  conveys  the  urine  exter- 
nally.    These  will  require  a  distinct  consideration. 

The  kidneys  are  two  glands  situated  in  the  abdomen;  one  on 
each'  side  of  the  spine,  (Fig.  122,  E,  E,)  in  the  posterior  part  of  the 
lumbar  region.  They  are  without  the  cavity  of  the  peritoneum, 
which  covers  them  at  the  anterior  part  only,  and  are  situated 
in  the  midst  of  a  considerable  mass  of  adipous  cellular  tissue.  The 
right  kidney  is  nearly  an  inch  lower  down  than  the  left^  owing 
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to  tlw  thick  pottcrior  mai^ti  of  the  rif^t  lobe  of  the  liver  pr«wiBg 
it  dowawirdi. 

Oeoisionally,  there  ia  but  one  kidney;  at  other  timei,  three  ban 
been  met  with. 

They  hare  the  form  of  the  haricot  or  kidney-bean,  which  hu 
indeed  beeo  called  after  them;  and  are  situated  vertically — the  fa* 
•lire  being  turned  inwards. 

If  we  compaK  them  with  the  liver,  their  size  is  by  bo  meaos  in 
proportion  with  the  extensive  secretion  effected  by  them.  Their 
UDJIed  weight  does  not  amount  to  more  than  six  or  eight  ounces. 
They  are  hard,  solid  bodies,  of  a  brown  colour.  The  sangui- 
ferous vessels,  which  convey  and  return  the  blood  to  them,  as 
well  as  the  exoretory  duct,  communicate  with  the  kidney  at  the 
fissure. 

The  anatomical  eonslituents  of  these  oi^ns  are: — l.Therefkz/ar^ 
<£ry,  which  arises  from  the  abdominal 
Mirtait  a  right  angle,  and,  after  a  short  Pig.  193. 

coarse,  enters  the  kidney,  ran:'" 
ing  in  its  substance.  9.  The  excret 
du^f  wbioh  arise  from  every  pai 
the  tissue,  in  which  the  ramificat 
of  the  renal  artery  terminate,  and 
ID  the/ieA»«of  the  kidney.  (Fig.l 
S.  The  renal  veins,  which  rec 
tiie  snperfluous  blood,  after  the  u 
has  been  separated  from  it,  and 
minate  in  the  renal  or  emuli 
vein,  which  issues  at  the  fissure, 
opens  into  the  abdominal  vena 
va.  4.  Of  lymphatic  vessels,  arn 
ed  in  two  planes — a  superficial 
deep-seated,  which  terminate  in 
lumbar  glands.  5.  Of  nerves,  wl 
proceed  from  the  semilunar  | 
glion,  solar  plexus,  &o.,  and  wl 
surround  the  reoal  artery  as  wi 
net-work,  following  it  in  all  itsn 
fieetions.  6.  Of  cellular  membran 

binda  the  parts  together.     These  anatomical  elements,  by  their 
anion,  constitute  the  organ  as  we  find  it 

When  the  kidney  is  divided  longitudinally,  it  is  seen  to  consift 
of  two  substances;  which  differ  in  their  situation,  colour,  consist- 
ence and  texture.  The  one  of  these  and  the  more  external  is  called 
the  cortical  or  glandular  substance.  It  forms  the  whole  eircum- 
fereoce  of  the  kidney;  is  about  two  lines  in  thickness;  of  leas  con- 
sistence than  the  other;  of  a  pale  red  colour;  and  receives  almost 
entirely  the  ramifications  of  the  renal  artery.  The  other  and  inner- 
most is  the  tubular,  medullary,  urini/erout,eimoidalot radiated 
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mbttance.  It  is  more  dense  than  the  other;  less  red;  and  seems  to 
be  formed  of  numerous  minute  tubes,  which  unite  in  conicid  bun- 
dles of  unequal  size,  and  the  base  of  which  is  turned  towards  the 
cortical  portion;  the  spices  forming  the  papillm  ot  mammiilary 
procttsea,  and  facing  the  pelvis  of  the  kidney.  The  papilbe  vary  in 
number,  from  five  to  eighteen;  are  of  a  florid  colour;  and  upoD 
their  points  or  apices  are  the  terminations  of  the  ttriniferous  tubes* 
Ui^  enough  to  be  distinguished  by  the  naked  eye.  Around  the 
root  of  each  papilla  a  membranous  tube  arises,  called  caUx  or  I'n- 
/undibulum:  this  receives  the  urine  from  the  papilla  and  cod- 
veys  it  into  the  pelvis  of  the  kidney,  which  may  be  regarded  as  the 
commencement  of  the  ureter. 

Similar  ideas,  with  regard  to  the  precise  termination  of  the  blood- 
vessel, and  the  commencement  of  the  excretory  duct,  have  prevailed 
u  in  the  case  of  the  liver  and  other  glands;  their  intimate  structure, 
however,  escapes  detection. 

In  the  quadruped,  each  kidney  is  made  up  of  numerous  lobes, 
which  are  more  or  less  intimately  united,  according  to  the  species. 
In  birds,  the  kidneys  consist  of  a  double  row  of  distinct,  but 
connected,  glandular  bodies,  placed  on  both  sides  the  lumbar  ver- 
tebrae. 

The  ureter  is  a  membranous  duct,  which  extends  from  the  kid- 
ney to  the  bladder.     It  is  about  the  size  of  *  goose-quill;  descends 
through  the  lumbar  region;  dips  into  the  pelvis  by  crossing  in  front 
of  the  primitive  iliac  vessels  and  the  internal  iliac;  crosses  the  vm 
deferens  at  the  back  of  the  bladder,  and,  penetrating  that  viscus  ob- 
liquely, terminates  in  an  orifice,  ten  or  twelve  lines  behind  that  of 
the  neck  of  the  bladder.     At  first,  it  penetrates  two  of  the  coats 
only  of  that  viscus;  running  for  the  space  of  an  inch  between  the 
mucous  and  muscular  coats,  and  then  entering  the  cavity. 
The  ureters  have  two  coats.    The  outermost  is  a  dense  fibrous 
membrane;  the  innermost 
a  thin  mucous  layer,  con< 
tinuous  at  its  lower  ex- 
tremity  with  the    inner 
coat  of  the  bladder;  and, 
at  the  upperend,su  pposed , 
by  some,  to  be  reflected 
over  the  pa  pills,  and  even 
to  pass  for  some  distance 
into  the  tubuli  uriniferi. 

The  bladder  is  a  rous- 
culo-membranous  sac,  si- 
tuated in  the  pelvis;  ante- 
rior to  the  rectum^  and 
behind  the  pubis.  Its  supe- 
rior end  is  called  the 
"upper  fundus;  and  the 
'' lower  end,  the  inferior 
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fundus  or  btu-fond;  the  body  being  situated  between  the  two.  The 
part  where  it  joins  the  urethra  is  the  nec^.  The  shape  and  situation 
of  the  organ  is  influenced  by  age  and  by  sex.  In  very  young  in- 
fants^  it  is  cylindroid,  and  rises  up  almost  wholly  into  the  abdomen. 
In  the  adult  female,  who  has  borne  many  children,  it  is  nearly  sphe- 
rical; has  its  greatest  diameter  transverse,  and  is  more  capacious 
than  in  the  mde. 

Like  the  other  hollow  viscera,  the  bladder  consists  of  several  coats. 
1.  The  peritoneal  coat  which  covers  only  the  fundus  and  back  part 
Towards  the  lower  portion  the  organ  is  invested  by  cellular 
membrane,  which  takes  the  place  of  the  peritoneal  coat  of  the  fun- 
dus. This  tissue  is  very  loose  and  permits  the  distention  and  con- 
traction of  the  bladder.  2.  The  muscular  coat  is  very  strong;  so 
much  so,  that  it  has  been  classed  amongst  the  distinct  muscles,  un- 
der the  name  detrusor  urinse.  The  fibres  are  pale,  and  pass  in  vari- 
ous directions.  Towards  the  lower  part  of  the  bladder,  they  are 
particulariy  strong;  arranged  in  fasciculi,  and  form  a  kind  of  net  of 
muscles  inclosing  the  bladder.  In  cases  of  stricture  of  the  urethra, 
where  much  efibrt  is  necessary  to  expel  the  urine,  these  fasciculi 
acquire  considerable  thickness  and  strength.  3.  The  mucous  or 
viUouseoat  is  the  lining  membrane,  which  is  continuous  with  those 
of  the  ureters  and  urethra,  and  is  generally  rugous,  in  consequence, 
of  its  being  more  extensive  than  the  muscular  coat  without.  It  is 
fiimished  with  numerous  follicles,  which  secrete  a  fluid  to  lubricate 
it  Towards  the  neck  of  the  organ,  it  is  thin  and  white,  though 
reddish  in  the  rest  of  its  extent 

A  fourth  coat,  called  the  cellular^  has  been  reckoned  by  most 
anatomists,  but  it  is  nothing  more  than  cellular  tissue  uniting  the 
mucous  and  muscular  coats. 

The  part  of  the  internal  surface  of  the  bladder,  situated  immedi- 
ately behind  and  below  its  neck,  and  occupying  the  space  between 
it  and  the  orifices  of  the  ureters,  is  called  the  vesical  triangle,  tri- 
gonus  Lieutaudit  or  trigone  visical.  The  anterior  angle  of  the  tri- 
angle looks  into  the  orifice  of  the  urethra,  and  is  generally  so  pro- 
minent, that  it  has  obtained  the  name  of  uvula  vesicse.  It  is  merely 
a  projection  of  the  mucous  membrane,  dependent  upon  the  subja- 
cent third  lobe  of  the  prostate  gland,  which,  in  old  people,  is  fre- 
quently enlarged,  and  occasions  difficulty  in  passing  the  catheter. 

The  neck  of  the  bladder  penetrates  the  prostate  gland,  but,  at  its 
commencement,  is  surrounded  by  loose  cellular  tissue,  containing  a 
very  large  and  abundant  plexus  of  veins.  The  internal  layer  of 
moseular  fibres  is  here  transverse;  and  they  cross  and  intermix 
with  each  other,  in  difierent  directions,  forming  a  close,  compact 
tissue,  which  has  the  efiect  of  a  particular  apparatus  for  retaining 
the  urine,  and  has  been  called  the  sphincter.  Anatomists  have  not 
usually  esteemed  this  structure  to  be  distinct  from  the  muscular 
eott  at  large;  but  Sir  Charles  Bell  asserts,  that  if  we  begin  the 
disaeetion  by  taking  ofi*  the  inner  membrane  of  the  bladder  from 
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ftTcmnd  the  cnrifiee  of  the  urethra,  a  set  of  fibres  will  be  discOTered, 
OA  the  lower  half  of  the  orifice,  which,  being  carefully  dissected, 
will  be  found  to  run  in  a  semicircular  form  around  the  urethra. 
These  fibres  make  a  band  of  about  half  an  inch  in  breadth,  partimi« 
larly  strong  on  the  lower  part  of  the  opening;  and  haying  ascended 
a  little  above  the  orifice,  on  each  side,  they  dispose  of  a  portion  of 
their  fibres  in  the  substance  of  the  bladder.  A  smaller  and  some- 
what  weaker  set  of  fibres  will  be  seen  to  complete  their  course,  sur- 
rounding the  orifice  on  the  upper  part 

The  arteries  of  the  bladder  proceed  from  various  sources,  but 
chiefly  from  the  umbilical  and  common  pudic  The  veins  return 
the  blood  into  the  internal  iliacs.  They  form  a  plexus  of  considers* 
ble  size  upon  each  side  of  the  bladder,  particularly  about  its  neck. 

The  lymphatics  accompany  the  principal  veins  of  the  bladder, 
end,  at  the  under  part  and  sides,  pass  into  the  iliac  glands.  The 
nerves  are  from  the  great  sympathetic  and  sacral. 

The  urethra  is  the  excretory  duct  of  the  bladder.  It  extends,  io 
the  male,  from  the  neck  of  the  bladder  to  the  extremity  of  the 
glUns;  and  is  from  seven  to  ten  inches  in  length.  In  the  female  it  is 
much  shorter.  The  male  urethra  has  several  curvatures  in  the  state 
of  flaocidity  of  the  penis;  but  is  straight  or  nearly  so,  if  the  penis 
'be  drawn  forwards  and  upwards,  and  if  the  rectum  be  empty. 

The  first  portion  of  this  canal,  which  traverses  the  prostate  gland, 
is  called  the  prostatic  portion.  Into  it  open, — on  each  side  of  a 
earunele,  called  the  verumontamifn,  caput  gaUinagiftis  or  crista 
urethraliSf — the  two  ejaculatory  duets,  those  of  the  prostate,  and,  a 
little  lower,  the  orifice  of  Cowper's  glands. 

Between  the  prostate  and  the  bulb  is  the  men^ranous  part  qf 
the  urethra,  which  is  eight  or  ten  lines  long.  The  remainder  of 
the  canal  is  called  the  carpus  spongiosum  or  spongy  portion,  be- 
eause  surrounded  by  an  erectile  spongy  tissue.  It  is  situated  beneath 
the  corpora  cavernosa,  and  passes  forward  to  terminate  in  thtgtims; 
the  structure  of  which  will  be  considered  under  axirsiiATioir. 

At  the  commencement  of  this  portion  of  the  urethra  is  the  buli 
of  the  urethra.  Fig.  124,  B.;  the  structure  of  which  resembles  that 
of  the  corpora  cavernosa  of  the  penis — to  be  described  hereafter. 

The  dimensions  of  the  canal  are  various.  At  the  neck  of  the 
bladder,  it  is  considerable;  behind  the  caput  gallinaginis  it  contracts, 
and  immediately  enlarges  in  the  forepart  of  the  prostate.  The 
membranous  portion  is  narrower;  and,  in  the  bulb,  the  channel  en- 
larges. In  the  body  of  the  penis,  it  diminishes  successively,  till  it 
nearly  attains  the  glans,  when  it  is  so  much  increased  in  size  as  to 
have  acquired  the  name  fossa  navieularis.  At  the  apex  of  the 
glans  it  terminates  by  a  short  vertical  slit 

Mr.  Shaw  has  described  a  set  of  vessels,  immediately  on  the 
Ptttside  of  the  internal  membrane  of  the  urethra;  which,  when 
empty,  are  very  similar,  in  appearance,  to  muscular  fibres.  These 
vessels,  he  remarks,  form  aa  internal  spongy  body,  which  passes 
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down  to  the  membranous  part  of  the  urethra,  and  forms  even  a 
small  bulb  there.  Dr.  Horner,  however,  says,  that  this  appeared 
to  him  to  be  rather  the  cellular  membrane  connecting  the  canal  of 
the  urethra  with  the  corpus  spongiosum. 

The  whole  of  the  urethra  is  lined  by  a  very  vascular  and  sensible 
mucous  membrane,  which  is  continued  from  the  inner  coat  of  the 
bladder.  It  has,  apparently,  a  certain  degree  of  contractility,  and 
therefore,  by  some  anatomists,  is  conceived  to  possess  muscular 
fibres.  Sir  Everard  Home*  from  the  results  of  his  microscopical 
observations,  is  disposed  to  be  of  this  opinion.  This  is,  however, 
so  contrary  to  analogy,  that  it  is  probable  the^bres  may  be  seated 
in  the  tissue  surrounding  it 

The  membrane  contains  numerous  follicles,  and  several  lacunae, 
one  or  two  of  which,  near  the  extremity  of  the  penis,  are  so  large 
as  occasionally  to  obstruct  the  catheter,  and  to  convey  the  impres- 
sion that  a  stricture  exists. 

The  prostate  and  the  glands  of  Cowper, being  more  concerned  in 
generation,  will  be  described  hereafter. 

There  are  certain  muscles  of  the  perineum,  that  are  engaged  in  the 
expulsion  of  the  urine  from  the  urethra;  and  some  of  them  in  defe- 
cation and  in  the  evacuation  of  the  sperm  likewise;  as  the  accelera^ 
iores  urtrhm,  or  bulbo-urethralesj  which  propel  the  urine  or  semen 
forward;  the  transverncs  perineiy  or  ischio^perinealisj  which 
dilates  the  bulb  for  the  reception  of  the  urine  or  semen;  the  aphinc- 
ier  aniy  which  draws  down  the  bulb,  and  thus  aids  in  the  ejection 
of  the  urine  or  sp^m;  and  the  levcUor  ani  which  surrounds  the 
extremity  of  the  rectum,  the  neck  of  the  bladder,  the  membranous 
portion  of  the  urethra,  the  prostate  gland,  and  a  part  of  the  vesiculs 
eeminales,  and  assists  in  the  evacuation  of  the  bladder,  vesicular  se- 
minales,  and  prostate.  A  part  of  the  levator,  which  arises  from  the 
pubis  and  assists  in  Inclosing  the  prostate  gland,  is  called  by  Soem* 
MXRiNO,  compressor  prostatse. 

Between  the  membranous  part  of  the  urethra  and  that  portion  of 
the  levator  ani  which  arises  from  the  inner  side  of  the  symphysis 
pubis,  a  reddish,  cellular,  and  very  vascular  substance  exists,  which 
elosely  surrounds  the  canal,  has  been  described  by  Mr.  Wilsobt 
under  the  name  compressor  urethrssy  and  is  termed,  by  some  of  the 
French  anatomists,  muscle  de  Wilson.  By  many,  however,  it  is 
considered  to  be  a  part  of  the  levator  ani.  Amussat  asserts,  that 
the  membranous  part  of  the  urethra  is  formed,  externally,  of  muscu- 
lar fibres,  which  are  susceptible  of  energetic  contraction,  and  Ma- 
OENBiE  confirms  his  assertion. 

With  regard  to  the  urinary  organs  of  the /emalCy — the  kidneys 
and  ureters  have  the  same  situation  and  structure  as  those  of  the 
male.  The  bladder,  also,  holds  the  same  place  behind  the  pubis, 
but  rises  higher  when  distended.  It  is  proportionally  larger  than 
the  bkdder  of  the  male,  and  is  broader  from  side  to  side,  thus  al- 
lowing the  greater  retention  to  which  females  are  often  necessitated. 
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The  urethra  is  much  shorter,  being  only  about  an  inch  and  a  haU^  or 
two  inches  long,  and  it  is  straigfater  than  in  the  male,  having  only  a 
slight  curve  downwards  between  its  extremities,  and  passing  almost 
horizontally  under  the  symphysis  of  the  pubis.  It  has  no  prostate 
gland,  but  is  furnished,  as  in  the  male,  with  follicles  and  lacunae^ 
which  provide  a  mucus  to  lubricate  it 

In  birds  in  general,  and  in  many  reptiles  and  fishes,  the  urine, 
prior  to  expulsion,  is  mixed  with  the  excrement  in  the  cloaca.  No- 
thing analogous  to  urinary  organs  has  been  detected  in  the  lowest 
classes  of  animals,  although  in  the  dung  of  the  caterpillars  of  certain 
insects,  traces  of  urea  have  been  met  with. 

The  urine  is  separated  from  the  blood  in  the  kidneys.  The  proofs 
of  this  are  easy  and  satisfactory ;  but  with  regard  to  the  mode  in 
which  the  operation  is  e£fected,  we  are  in  the  same  darkness  that 
hangs  over  the  glandular  secretions  in  general.  The  transformation 
must,  however,  occur  in  the  cortical  part  of  the  organ;  for  the  tubu- 
lar portion  seems  to  consist  only  of  a  collection  of  excretory  ducts, 
and  if  we  cut  into  it  urine  oozes  out 

The  urinary  secretion  takes  place  continuously.  If  a  catheter  be 
left  in  the  bladder,  the  urine  drops  constantly ;  and  in  cases  of  ex- 
atrophia  of  the  bladder — a  faulty  conformation,  in  which  the  organ 
opens  above  the  pubes,  so  that  a  red  mucous  surface,  formed  by  the 
inner  coat  of  the  bladder  is  seen  in  the  hypogastric  region,  in  which 
two  prominences  are  visible,  corresponding  to  the  openings  of  the 
ureters — the  urine  is  seen  to  be  constantly  passing  out  at  these 
openings. 

After  the  secretion  has  been  e£fected  in  the  cortical  substance,  it 
flows  through  the  tubular  portion,  and  issues  ^u//a/im  through  the 
apices  of  the  papillae  into  the  pelvis  of  the  kidney,  whence  it  pro- 
ceeds along  the  ureter  to  the  bladder.  When  the  uriniferous  cones 
are  slightly  compressed,  the  urine  issues  in  greater  quantity,  but, 
instead  of  being  limpid,  as  when  it  flows  naturally,  it  is  thick  and 
troubled.  Hence  a  conclusion  has  been  drawn,  that  it  is  really  fil- 
tered through  the  hollow  fibres  of  the  medullary  or  tubular  portion. 
If  this  were  the  case,  what  must  become  of  the  separated  thick  por- 
tion? Ought  not  the  tubes  to  become  clogged  up  with  it?  And  is  it 
not  more  probable,  that  compression,  in  this  case,  forces  out  with 
the  urine  some  of  the  blood  that  is  connected  with  the  nutrition 
of  the  organ? 

The  fresh  secretion  constantly  taking  place  in  the  kidney  causes 
the  urine  to  flow  along  the  tubuli  uriniferi  to  the  pelvis  of  the  or- 
gan, whence  it  proceeds  along  the  ureter,  if  we  are  in  the  erect 
attitude,  by  virtue  of  its  gravity;  the  fresh  fluid  too,  continually 
secreted  from  the  kidney,  pushes  on  that  which  is  before  it;  and 
moreover,  there  is  not  improbably  some  degree  of  contractile  ac- 
tion exerted  by  the  ureters  themselves ;  although,  like  the  excre- 
tory ducts  in  general,  such  a  power  has  been  denied  them.    These 
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Fig.  125. 


are  the  chief  causes  of  the  progression  of  the  urine  into  tfie  bladder, 
which  is  aided  by  the  pressure  of  the  abdominal  contents  and  mus- 
cles, and,  it  is  supposed,  by  the  pulsation  of  the  renal  and  iliac 
arteries;  but  the  agency  of  these  must  he  trivial. 

The  orifices  of  the  ureters  form  the  posterior  angles  of  the  /n- 
gone  vMcaly  and  are  contracted  somewhat  below  the  size  of  the 
ducts  themselves.  They  are  said,  by  Sir  Charles  Bell,  to  be  fur- 
nished with  a  small  fasciculus  of  muscular  fibres,  which  runs  back- 
wards from  the  orifice  of  the  urethra,  immediately  beneath  the  la- 
teral margins  of  the  triangle,  and  when  it  contracts,  stretches  the 
orifice  of  the  ureter  so  as  to  permit  the  urine  to  enter  the  bladder 
with  facility. 

As  the  urine  enters,  it  gradually  distends  the  organ  until  the  quan- 
tity has  attained  a  certain  amount  It  cannot  reflow  by  the  ureters, 
on  account  of  the  smaliness  of  their  orifices  and  their  obliquity;  and 
ms  the  bladder  becomes  filled, — owing  to  the  duct  passing  forsomedis- 
tance  between  the  muscular  and  mucous  coats, — the  sides  are  pressed 
against  each  other,  so  that  the  cavity  is  obliterated.  (Fig.  125.)  Besides, 
when  we  are  in  the  erect  attitude, 
the  urine  would  have  to  enter  the 
ureters  against  gravity.  These  ob- 
stacles are  so  effective,  that  if  an  in- 
jection be  thrown  forcibly  and  co- 
piously through  the  urethra  into  the 
bladder,  it  does  not  enter  the  ureters. 
On  the  other  hand,  equally  powerful 
impediments  exist  to  its  being  dis- 
charged through  the  urethra.  The 
inferior  fundus  of  the  bladder  is  situ- 
ated lower  than  the  neck;  and  the 
sphincter  presents  a  degree  of  re- 
sistance, which  requires  the  bladder 
to  contract  forcibly  on  its  contents, 
•aided  by  the  abdominal  muscles  to 
overcome  it  Maoendie  considers 
the  contraction  of  the  leva  tores  ani 
to  be  the  most  efficient  cause  of  the 
retention  of  the  urine;  the  fibres 
which  pass  around  the  urethra  press- ■*^*"****^*'**' "'*^- 
ing  its  sides  against  each  other  and  thus  closing  it 

The  urine  accumulates  in  the  bladder  until  the  desire  arises  to 
expel  it  During  its  sUy  in  this  reservoir,  it  is  believed  to  be  de- 
prived of  some  of  its  more  aqueous  portions  by  absorption,  and 
to  become  of  greater  specific  gravity,  and  more  coloured :  it  is 
here  that  those  depositions  are  apt  to  take  place  which  constitute 
calculus;  although  we  meet  with  them  in  both  the  kidneys  and 
ureters  also. 

As  in  every  excretion,  a  sensation  first  arises,  in  consequence  of 
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wfaieh  the  muscles  required  for  the  ejection  of  the  secreted  mttter 
are  called  into  action.  This  sensation  arises  whenerer  the  urine  has 
accumulated  to  the  necessary  extent,  or  when  it  possesses  irritating 
qualities,  owing  to  extraneous  substances  being  contained  in,  or  de* 
posited  from,  it ;  or  if  the  bladder  be  unusually  irritable  from  any 
morbid  cause,  the  sensation  may  be  repeatedly,  nay,  almost  inees-> 
santly  experienced.  The  remarks,  that  have  been  made  on  the  sen- 
sations accompanying  the  other  excretions,  are  equally  applicable 
here.  The  impression  takes  place  in  the  bladder;  such  impression  is 
conveyed  to  the  brain,  which  accomplishes  the  sensation ;  and,  con- 
secutively, the  muscles  concerned  in  the  excretion,  are  called  into 
action  by  volition. 

Physiologists  have  differed  regarding  the  power  of  volition  over 
the  bladder.  Some  have  affirmed,  that  it  is  as  much  under  cerebral 
control  as  the  muscles  of  locomotion  ;  and  they  have  adduced,  in 
support  of  this  view,  that  the  bladder  receives  spinal  nerves,  which 
are  voluntary;  that  it  is  paralyzed  in  affections  of  the  spinal  mar- 
row, like  the  muscles  of  the  limbs;  and  that  a  sensation  which 
seems  destined  to  arouse  the  will  is  always  the  precursor  of  its 
action. 

Others,  again,  have  denied,  that  the  muscular  fibres  of  the  blad- 
der are  contractile  under  the  will ;  and  they  adduce  the  cases  of  other 
reservoirs,— the  stomach  and  the  rectum,  for  example, — whose 
influence  in  excretion  we  have  seen  to  be  involuntary;  as  well  as 
the  fact,  that  we  no  more  feel  the  contraction  of  the  bladder  than 
we  do  that  of  the  stomach  or  intestines;  and  they  affirm,  that  the 
action  of  the  bladder  itself  has  been  confounded  with  that  of  the 
accessory  muscles,  which  are  manifestly  under  the  influence  of  the 
will,  and  are  important  agents  in  the  expulsion  of  the  fluid  from 
the  bladder. 

The  views,  last  expressed,  appear  to  be  most  accurate,  and  the 
catenation  of  phenomena  seems  to  be  as  follows: — the  sensation  to 
expel  the  urine  arises;  the  abdominal  muscles  are  thrown  into  con- 
traction by  volition;  the  viscera  are  thus  pressed  down  upon  the 
pelvis;  the  muscular  coat  of  the  bladder  is,  at  the  same  time,  stimu- 
lated to  contraction;  the  levatores  ani  and  the  sphincter  fibres  are 
relaxed,  so  that  the  resistance  of  the  neck  of  the  organ  is  diminished, 
and  the  urine  is  forced  out  through  the  whole  extent  of  the  urethra, 
being  aided  in  its  course,  especially  towards  the  termination,  by  the 
contractile  action  of  the  urethra  itself,  as  well  as  by  the  levatores 
ani  and  acceleratores  urinae  muscles.  These  expel  the  last  drops  by 
giving  a  slight  succussion  to  the  organ,  and  directing  it  upwards 
and  forwards;  an  effect  which  is  aided  by  shaking  the  organ  to  free 
it  from  the  drops  that  may  exist  in  the  part  of  the  canal  near  its 
extremity.  The  gradually  diminishing  jet,  which  we  notice,  as  the 
bladder  is  becoming  empty,  indicates  the  contraction  of  the  mus- 
cular coat  of  the  bladder;  whilst  the  kind  of  intermittent  jet,  coinci- 
dent with  voluntary  muscular  exertion,  indicates  the  contraction 
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•f  the  ureibnl  amsclts.  When  we  feel  Uie  inclinatioQ  to  evacuate 
the  bhddeTi  and  do  not  wish  to  obey  it^  the  same  inusck9y«^the 
fevatores  ani^  tbe  acoeleratores  urin»,  and  the  fibres  around  the 
membranous  portion  of  the  urethra  and  the  neck  of  the  bladder — 
are  thrown  into  contractiooyaod  resist  that  of  the  bladder. 

Such  is  tbe  ordinary  mechanism  of  the  excretion  of  urine.  The 
contraction  of  the  bladder  is,  however,  of  itself  sufficient  to  expel 
its  contents.  MaoeIydie  affirms,  that  he  has  frequently  seen  dogs 
pass  the  urine  when  tbe  abdomen  was  opened,  and  the  bladder  re* 
moved  from  the  influence  of  the  abdominal  muscles;  and  he  farther' 
states,  that  if,  in  a  male  dog,  the  bladder,  with  the  prostate  and  a 
small  portion  of  the  membranous  part  of  the  urethra,  be  removed 
from  tbe  body,  the  bladder  will  contract  after  a  few  moments,  and 
project  tbe  urine,  with  an  evident  jet,  until  it  is  entirely  expelled. 

Urine, — voided  in  the  morning  by  a  person  who  has  eaten  heartily, 
and  taken  no  more  fluid  than  sufficient  to  allay  thirst,— is  a  transpa* 
rent,  limpid  fluid,  of  an  ffmber  colour,  saline  taste,  and  a  peculiar 
odour.  Its  specific  gravity  is  a  little  above  that  of  water,  or  1.030. 
It  is  slightly  acid,  for  it  reddens  vegetable  blues.  Although  at 
first  quite  transparent,  it  deposits  an  insoluble  matter  on  standing; 
so  that  urine,  passed  at  bed-time,  is  found  to  have  a  light  cIoikI 
floating  in  it  by  the  following  morning.  This  substance  consists, 
in  part,  of  mucus  from  the  urinary  passages;  and,  in  part,  of  the 
super-urate  of  ammonia,  which  is  much  more  soluble  in  warm  than 
in  cold  water. 

The  urine  is  extremely  prone  to  decomposition.  When  kept  for 
a  few  days,  it  acquires  a  strong  smell,  which,  being  mi  generis,  haa 
been  called  urinoue;  and  as  the  decompo»tion  proceeds,  the  odour 
becomes  extremely  disagreeable.  The  urine,  as  soon  aa  these 
changes  commence,  ceases  to  have  an  acid  reaction,  and  the  earthy 
phosphates  are  deposited.  In  a  short  time,  a  free  alkali  makes  its 
appearance^  and  a  large  quantity  of  the  carbonate  of  ammonia  is 
generated.  These  phenomena  are  owing  to  the  decomposition  of 
urea,  which  is  almost  wholly  resolved  into  carbonate  of  ammonia. 

Dr.  Henbt  affirms,  that  the  following  substances  have  been  satis^ 
iactorily  proved  to  exist  in  healthy  urine, — water,  free  phosphoric 
acid,  phosphate  of  lime,  phosphate  of  magnesia,  fluoric  acid,  uric 
acid,*  benaoic  acid,  lactic  acid,  urea,  gelatme,  albumen,  lactate  of 
ammonia,  sulphate  of  potash,  sulphate  of  soda,  fluate  of  lime,  mu- 
riate of  soda,  phosphate  of  soda,  phoq>hate  of  ammonia,  sulphur, 
and  silex.  t 

The  most  recent  and  elaborate  analysis  of  the  urine  has  been 
given  by  Bbbzblius.  He  states  it  to  consist  in  1000  parts,  of  wa* 
ter,  033.00;  urea,  30.10;  sulphate  of  potassa,  3.71 ;  sulphate  of  soda, 
3.16;  phosphate  of  soda,  8.94;  muriate  of  soda, 4.45;  phosphate  of 


*  In  Vol.  I.  p.ir»  this  acid  ts  accidenlAUy  wid  to  be  **  foond  in  the  arine  of  OMOy 
birds,  serpents,  &c.  and  silk  worms,"  instead  of,  **  and  in  tbe  excrements  of  silk 
worms." 
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aannonia,  1.65:  muritte  of  ammonia,  1.50;  froe  lactic  acid,  lactate 
of  ammoDia,  animal  matter  soluble  in  alcohol,  and  urea  not  sepa- 
rable from  the  preceding,  17.14;  earthy  phosphates,  with  a  trace  of 
fluate  of  lime,  1.00;  lithic  acid,  1.00;  mucus  of  the  bladder,  0.38; 
silex,  0.03. 

The  yellowish-red  incrustation,  deposited  on  the  sides  of  chamber 
utensils,  is  the  uric  acid.  This  is  the  basis  of  one  of  the  varieties 
of  calculi. 

The  quantity  of  urine,  passed  in  the  twenty-four  hours,  is  very 
variable.  On  the  average,  it  is  estimated  at  two  pounds,  or  two 
pounds  and  a  half;  hence  the  cause  of  the  great  size  of  the  renal  ar- 
tery, which,  according  to  the  estimate  of  Haller,  conveys  to  the 
kidney  a  sixth  or  eighth  part  of  the  whole  blood.  Its  quantity  and 
character  vary  according  to  age,  and,  to  a  certain  extent,  according 
to  sex.  We  have  already  seen,  under  the  head  of  cutaneous  exha- 
lation^ how  its  quantity  varies, according  to  climate  and  season;  and 
it  is  influenced  by  the  serous,  pulmonary,  and  cellular  exhalations 
likewise:  one  of  the  invariable  concomitants  of  dropsy  is  diminution 
in  the  renal  secretion.  Its  character,  too,  is  modified  by  the  nature 
of  the  substances  received  into  the  blood.  Rhubarb,  turpentine,  and 
asparagus  materially  alter  its  physical  properties;  whilst  certain 
articles  stimulate  the  kidney  to  augmented  secretion,  or  are  diure- 
tics. 

The  urine  does  not  appear  to  be  intended  for  any  local  function. 
Its  use  seems  to  be  restricted  to  the  removal  of  the  elements  of  the 
substances,  of  which  it  is  composed,  from  the  blood;  hence  it  is 
solely  depuratory  and  decomposing. 

How  this  decomposition  is  accomplished,  we  know  not.  We 
have  already  referred  to  the  experiments,  performed  by  MM. 
Prevost  and  Dumas,  and  by  Seoalas,  in  which  urea  was  found  in 
the  blood  of  animals  whose  kidneys  had  been  extirpated :  an  in- 
quiry has  consequently  arisen, — how  it  exists  there.  Prior  to  these 
experiments,  it  was  universally  believed,  that  its  formation  is  one 
of  the  mysterious  functions  executed  in  the  intimate  tissue  of  the 
kidney. 

The  peculiarity  of  urea  is,  that  it  contains  a  very  large  proportion 
of  azote,  so  that  it  has  been  imagined,  the  kidney  may  possibly  be 
the  outlet  for  any  excess  of  nitrogen,  or  for  preventing  its  accumu- 
lation in  the  system. 

The  quantity  of  azote  discharged  in  the  form  of  urea,  is  so  great, 
even  in  those  animals,  whose  food  does  not  essentially  contain  this 
element,  that  it  has  been  conceived  a  necessary  ingredient  in  the 
nutrition  of  parts,  and  especially  in  the  formation  of  fibrine,  which, 
we  have  seen  to  be  a  chief  constituent  of  the  blood,  and  of  every 
muscular  organ.  The  remarks,  made  on  the  absorption  of  azote 
during  respiration,  indicate  how  it  is  received  into  the  system;  and 
it  has  been  presumed,  that  the  superfluous  portion  is  thrown  ofi*  in 
the  form  of  urea. 
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The  experimeDts  of  MM.  Prsvost  and  Dumas,  and  of  Ssoalas, 
•  ^ould  certainly  favour  the  conclusion,  that  urea  may  exist  ready 
*  formed  in  the  blood,  and  that  the  great  function  of  the  kidney  may 
'  be  to  separate  it  along  with  the  other  constituents  of  the  urine. 
*    Apslon 'ascribes  the  soured  of  the  urea  to  the  products  of  inter- 
.stitial  decomposition.     He  conceives,  that,  in  this  shape,  they  are 
received  into  the  blood,  and  that  the  office  of  the  kidneys  is  to  se- 
parate them.  All  this  is  necessarily  conjectural,  and  it  must  be  ad- 
^mitted,  that  our  knowledge  of  the  subject  is  by  no  means  ample, 
and  that  we  must  wait  for  farther  developments. 

Certain  it  is,  that  the  removal  of  the  constituents  of  the  urinary 
accretion  from  the  blood  is  all  important  Experiments  on  animals 
have  shown,  that  if  it  be  suppressed  by  any  cause  for  about  three 
daysy  death  supervenes,  and  the  dangers  to  man  are  equally  im- 
minent 


In  consequence  of  the  rapidity  with  which  fluids,  received  into 
the  stomach,  are  sometimes  voided  by  the  urinary  organs,  it  has 
been  imagined,  either  that  vessels  exist  which  communicate  directly 
between  the  stomach  and  bladder,  or  that  the  flui)l  passes  through 
the  intermediate  cellular  tissue,  or  by  means  of  the  anastomoses  of 
the  lymphatics* 

In  support  of  the  opinion  that  a  more  direct  passage  exists,  the 
assertion  of  Chirac, — ^that.he  saw  the  urinary  bladder  become  filled 
with  urine,  when  the  ureters  were  tied,  and  that  he  excited  urinous 
vomiting,  by  tying  the  renal  arteries,  is  adduced.  It  has  been 
farther  affirmed,  that  the  oil,  composing  a  glyster,  has  been  found 
in  the  bladder.  Darwin,  having  administered  to  a  friend  a  few 
grains  of  nitrate  of  potassa,  collected  his  urine  at  the  expiration  of 
half  an  hour,  and  had  him  bled.  The  salt  was  detected  in  the  urine, 
b«t  not  in  the  blood.  Brands  made  similar  experiments  with  the 
prussiate  of  potassa,  from  which  he  inferred,  that  the  circulation 
*  IS  not  the  only  medium  of  communication  between  the  stomach  and 
the  urinary  organs,  without,  however,  indicating  the  nature  of  the 
supposed  medium;  and  this  view  is  embraced  by  Sir  Evsrard 
Home,  Wollaston,  Marcet,  and  others.  Very  recently,  Lifpi, 
of  Florence,  thinks  he  has  found  an  anatomical  explanation  of  the 
fact  According  to  him,  the  chyliferous  vessels  have  not  only  nu- 
merous inosculations  with  the  mesenteric  veins,  either  before  their 
entrance  into  the  mesenteric  glands,  or  whilst  they  traverse  the 
glands,  but,  when  they  attain  the  last  of  those  glands,  some  of  them 
proceed  to  open  directly  into  the  renal  veins,  and  into  the  pelves  of 
the  kidneys.  At  this  place,  according  to  him,  the  chyliferous  ves- 
sels divide  into  two  sets;  the  one,  ascending  and  conveying  the 
ehyle  into  the  thoracic  duct ;  the  other,  descending  and  carrying  the 
drinks  into  the  renal  veins  and  pelves  of  the  kidneys.  He  affirms, 
that  the  distinction  between  these  two  sets  is  so  marked,  that  an  in- 
jection, sent  into  the  former,  goes  exclusively  into  the  thoracic  duct, 
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whilst  if  it  be  thrown  into  the  Utter  it  passes  excfauii?el  j  to  the  kid- 
oeys.  These  direct  vessels  Lipn  csUs  vasa  chylopcittiea  ttrinifera. 

It  the  assertions  of  Lippi  were  anatomical  facts,  it  would  be  ob- 
yiouslv  impossible  to  doubt  some  of  the  dedoctioDs;  other  aaate- 
mists  have  not,  ho  wever,  been  so  fortunate  as  he ;  and,  cobseqoeotly, 
it  may  be  well  to  make  a  few  comments. 

Some  of  these  chylopoietica  urinifera,  he  affirms,  open  into  the 
renal  veins.  This  arrangement,  it  is  obvious,  cannot  be  invoked  to 
account  for  the  shorter  route,— -the  rojfal  road  to  the  kidney:  the 
renal  vessel  is  conveying  the  blood  back  /nmi  the  kidney,  and 
every  thing,  that  reaches  it  from  the  intestines,  must  necessarily 
pass  into  the  vena  cava,  and  ultimately  attain  the  kidney  through 
the  renal  artery.  The  vessels,  therefore,  that  end  in  the  renal  veins, 
must  be  put  entirely  out  of  the  question,  so  far  as  regards  the  topic 
of  dispute;  and  our  attention  be  concentrated  upon  those  that  termi- 
nate in  the  pelvis  of  the  kidney.  Were  this  termination  proved, 
we  should  be  compelled,  as  we  have  remarked,  to  bow  to  authority; 
but  not  having  been  so,  it  may  be  stated  as  seemingly  improbaUk, 
that  the  ducts  in  question  should  take  the  circuitous  eoorse  to  the 
pelvis  of  the  kidney,  instead  of  proceeding  directly  to  the  biedder. 

We  know,  then,  anatomically,  nothing  of  any  camd  existiag  be« 
tween  the  stomach  and  the  bladder;  and  we  have  not  the  slightest 
evidence, — ^positive  or  relative, — in  favour  of  the  opinion,  that  there 
is  any  transmission  of  fluid  through  the  intermediate  cellular  tissue. 
We  have,  indeed,  absolute  testimony  against  it  MM.  TisDiMAim 
end  Omslik,  having  examined  the  lymphatics  and  cellular  tissue 
ef  the  abdomen  in  cases  where  they  had  administered  indigo  and 
essence  of  turpentine  to  animals,  discovered  no  traces  whatever  of 
them,  whilst  they  could  be  detected  in  the  kidney. 

The  ybc/tf,  again,  referred  to  by  Chirac,  are  extremely  doobtfuL 
If  the  renal  arteries  be  tied,  the  secretion  cannot  be  eftcfeed  by  the 
kidney;  consequently,  no  urine  ought  to  be  found  in  the  economy, 
and  urinous  vomitings  would  be  impossible.  On  the  other  hand, 
if  the  ureters  be  tied,  the  secretion  being  practicable,  death  will  oc* 
eur  if  the  suppression  be  protracted ;  and,  in  such  case,  the  secreted 
fluid  may  pass  into  the  vessels  and  give  a  urinous  character  to  the 
perspiration,  vomited  matters,  &c  &c 

Again,  the  experiments  of  Darwin,  Brands,  Woixaston,  and 
others  only  demonstrate,  that  these  gentlemen  were  unable  to  de* 
iect  that  in  the  blood  which  they  found  in  the  urine.  Asainst  the 
negative  results  attained  by  these  gentlemen,  we  may  adduce  the 
positive  testimony  of  Fodbra,  an  experimentalist  of  weight,  espe* 
cially  on  those  matters.  He  introduced  into  the  bladder  of  a  raWt 
a  plugged  catheter,  and  tied  the  penis  upon  the  instrument  to  pre^ 
Tent  the  urine  from  flowing  along  its  sides.  He  then  iajeoled  into 
the  stomach  a  solution  of  the  ferrocjranate  of  potassa.  This  being 
done,  he  frequently  removed  the  ptag  of  the  catheter,  and  received 
the  drops  of  urine  on  filtering  paper:  as  soon  as  indieatiou  ef 
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the  preaence  of  the  salt  appeared  Id  the'  urine  by  the  appropriate 
tests^-^which  usually  required  from  five  to  ten  minutes  after  its  re- 
eeption  into  the  stomach, — the  animal  was  killed ;  and,  on  examin- 
ing the  blood,  the  salt  was  found  in  the  serum  taken  from  the  tho- 
raeic  portion  of  the  vena  cava  inferior,  in  the  right  and  left  cavities 
of  the  heart,  in  the  aorta,  the  thoracic  duct,  the  mesenteric  glands, 
the  kidneys,  the  joints,  and  in  the  mucous  membrane  of  the  bronchi. 

Mjlobndie,  too,  states,  as  the  result  of  his  experiments,-^i^>«/. 
That  whenever  prussiate  of  potassa  is  injected  into  the  veins,.or  is 
exposed  to  absorption  in  the  intestinal  canal,  or  in  a  serous  cavity, 
it  speedily  passes  into  the  bladder,  where  it  can  be  readily  reeog- 
nise(i  in  the  urine.  Secondly.  That  if  the  quantity  of  prussiate  in- 
jected be  considerable,  it  can  be  detected  in  the  blood  by  reagents; 
but  if  the  quantity  be  small,  it  is  impossible  to  discover  it  by  the 
ordinary  means.  Thirdly.  That  the  same  thing  happens  if  the  prus^ 
siate  of  potassa  be  mixed  with  the  blo<^  out  of  the  body.  Fourthly. 
That  the  salt  can  be  detected,  in  every  proportion,  in  the  urine. 

The  existence,  consequently,  of  any  ipore  direct  route  from  the 
rtomacb  to  the  bladder  than  through  the  venous  system  is  disproved, 
and  the  absorption  of  fluids  must  be  considered  to  be  e£fected  through 
the  vessels  described  under  the  absorption  ofdrinka. 

Such  are  the  glandular  secretions  that  we  shall  consider  in  this 
place.  There  are  still  two  important  fluids,  whose  uses  will  have 
to  be  detailed  in  the  next  class  of  functions — the  sperm  and  the 
fnilk.  There  are  several  organs  likewise,  as  the  spleen,  thyroid, 
thymus  and  supra-renal  capsules,  which  are  termed  glands  by  many 
anatomists;  but  which  Chaussisr  has  termed  glandiform  gan- 
glions. Of  the  uses  of  these  we  know  little  or  nothing.  Yet  it  is 
necessary,  that  the  nature  of  the  organs,  and  the  fancied  functions 
should  meet  with  notice.  The  offices  of  the  thyroid,  thymus,  and 
sopra-renal  capsules,  being  apparently  confined  to  fcetal  existence, 
wUI  not  lequire  consideration  here. 


OP  THS    FmfCTIONS  OF  THE   SFL££N« 

The  spleen  is  a  viscus  of  considerable  size,  situated  in  the  left 
hjrpochondriac  region,  (Fig.  12£,  H,)  beneath  the  diaphragm,  above 
the  left  kidney,  and  to  the  left  of  the  stomach.  Its  medium  length 
is  about  four  and  a  half  inches;  its  thickness  two  and  a  half  inches; 
and  its  weight  about  eight  ounces.  It  is  of  a  soft  texture,  somewhat 
spoi^y  to  £e  feel,  and  easily  torn.  In  a  very  recent  subject,  it  is 
eSr  a  grayish-blue  colour;  which,  in  a  few  hours,  changes  to  a  pur- 
ple, so  that  it  resembles  »  mass  of  clotted  blood. 

At  its  inner  smrface,  or  that  whi^  faces  the  stomach  and  kidney, 
a  fissure  exists,  by  which  the  vessels,  nerves,  &c  enter  or  issue  from 
tbeorgMi. 


« 
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The  sDatomical  elemeofb  .q{  the  spl^a  ar^:— L  The  splenic  .arr    ,  . 
ieryf. which  arises  from   the  poeliac/and  aftef  having  ^given  off 
branches  to  the  pancreas  and  the Jeft  gastro-epiploic  artery,  diyides 
into  several  branches,  which  enter  the  spleen  at  the  fissure,  and 
ramify  in  the  tissue  of  the  organ,  so  that  it  seeo^s  to  be  exQlusively 
•  formed  by  them.  (Fig.  101.)  Whilst  the  branches  •(  the  artery  are    .* 
.still  in  the  duplicature  of  the  gastro-splenic  omentum,  and  before 
they  ramify  in  the  spleen,  they  furnish  the  vasa  breyiato  the  sto--     * 
mach.  The  precise  mode  of  termination  of  the  arteries  in.the  spleen 
is  uAknovf  n.  The  communication  of  the  arteries  with  the  tejpsdoev      * 
not,  however,  appear  to  be  as  free  as  in  other  parts  of  the  body,  or '  ' 
the  anastomoses  between  the  minute  arteries  as  numerpus.  ^'   , 

If,  according  to  Assolant,  one  of  the  branches  of  the  splepic 
artery  be  tied,  the  portion  of  the  spleen  to  which  it  is  distribute  *  . 
dies;  and  if  air  be  injected  into  one  of  these  branches,  it  does  not 
pass  into  the  others;  so  that  the  spleen  would  appear  to  be  a  con- 
geries of  several  distinct  lobes;  ^nd  in  certain  animak  the  lobes  are 
so  separated  as  to  coustit^Jte  several  spleens.  A  similar  appearance 
is  occasionally  seen  in  the  human  subject  2;.  The  splenic  vein 
arises  by  numerous  radicles  in  the  tissue  of  the  spleen;  these  be- 
come gradually  larger  and  less  numerous,  and  leave  the  fissure  of 
the  spleen  by  three  or  four  trunks,  which  ultimately,  with  veins 
from  the  stomach  and  pancreas,  unite  to  form  one,  that  opens  into 
the  vena  ports.  It  is  without  valves,  and  its  parietes  are  thin. 
These  are  the  chief  constituents.  3.  Lymphatic  vessels^  which 
are  large  and  numerous.  4.  Nerves^  proceeding  from  the  coeliac 
plexus:  they  creep  along  the  coats  of  the  splenic  artery,— upoiv 
which  they  form  an  intricate  plexus,-»into  the  substance  of  the  « 
spleen.  5.  Cellular  tissue^  which  serves  as  a  bond  of  union  be- 
tween these  various  parts;  but  is  in  extremely  small  quantity.  6. 
A  proper  membrane^  which  envelopes  the  organ  externally;  ad•^ 
heres  closely  to  it,  and  furnishes  fibrous  sheaths  to  the  ramifications 
of  the  artery  and  vein;  keeping  the  ramifications  separated  from  the 
tissue  of  the  organ,  and  sending  prolongations  into  the  parenchyma, 
which  give  it  more  of  a  reticulated  than  spongy  aspect.  7. 0[  blood, 
according  to  many  anatomists,  but  blood  differing  from  that  of  both  ' 
the  splenic  artery  and  vein;  containing,  according  to  Vau^ttelin, 
less  colouring  matter  and  fibrine,  and  more  albumen  and  gelatine, 
than  any  other  kind  9f  blood.  This,  by  stagnating  in  the  organ,  is 
conceived  to  form  an  integrant  part  of  it  M alfiohi  believed  it  to 
be  contained  in  cells;  but  others  have  supposed  it  to  be  situated  ia 
a  capillary  system  intermediate  to  the  splenic  artery  and  vein. 

Assolant  and  Meckel  believe,  that  the  blood  is  in  a  peculiar 
state  of  combination  and  of  intimate  union  with  the  other  organic 
elements  of  the  viscus,  and  with  a  large  quantity  of  albumen;  and  ' 
that  this  combination  of  the  blood  forms  the  dark  brown  pulpy  sub- 
Btance,  contained  in  the  cells  formed  by  the  proper  coat,  and  which 
can  be  easily  demonstrated  by  tearing  or  eutUng  the  spleen,  and 
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fcnpmg-it  with  the  handle  of  a  knife.    These  cells  and  the  cha- 
racter  of  the  tissue  of  the  spleen  are 
elhibited   in  the  .  isarginal  fif^re.  Ji^g.  126. 

In  additioQ  to  tl>e  pulp,  many  ana- 
tomists assert,  that  -they  have  met 
with  an  abundtnce  of  rounded  cor- 
puscles, varying  in  size  from  an 
almost  imperceptible  magnitude  to 
a  line  or  more  in  diameter.  By 
Maz-pishi  these  were  conceived  lo 
be  granular  corpuscles,  aud  by 
RuTSCH  simply  convoluted  vessels. 

Besides  the  proper  membrane, 
the  spleen  also  receives  a  peritoneal 
coat;  aod  between  the  stomach  and 
the  organ,  the  peritoneum  forms  the 
gaatro-gpUnic  epiploon  or  gaatro- 
gpUnic  ligament,  in  the  duplies* 
lure  of  which  are  situated  the  vasa 
brevia. 

Lastly,  the  spleen  is  capable  of 
diateotion  and  contraction;  and  is 
possessed  of  little  sensibility  in  the 
healthy  state.     It  has  no  excretory  duct. 

The  hypotheses,  that  have  been  indulged  on  the  nature  of  the 
•pleen,  are  beyond  measure  numerous  and  visionary;  and  after  all, 
we  are  in  the  greatest  obscurity  as  to  its  real  uses. 

Many  of  these  hypotheses  are  too  idle  to  merit  notice;  such  are 
those,  that  consider  it  to  be  the  seat  of  the  soul, — the  organ  of 
dreaming, — of  melancholy  and  of  laughter, — of  sleep  and  the  vene- 
real appetite — the  organ  that  secretes  the  mucilaginous  fluids  of  the 
joiotsy-— that  servesasa  warm  fomentation  to  the  stomach,  and  soon. 

It  was  long  regarded  as  a  secretory  apparalus,  for  the  formation 
of  the  atrabilis,— of  a  fluid  intended  to  nourish  the  nerves, — of  the 
gastric  juice, — of  a  humour  intended  to  temper  the  alkaline  cha- 
racter of  the  chyle  or  bile,  &C. 

The  absence  of  an  excretory  duct  would  be  a  sufficient  answer  to 
all  these  speculations,  if  the  non-existenbe  of  these  supposititious 
humours  were  insufficient  to  exhibit  their  absurdity. 

MM.  TiKDEHANN  and  Gmelin  consider  its  function  to  be  iden- 
tical with  that  of  the  mesenteric  glands.  They  regard  it  as  a  gan- 
glion of  the  absorbent  system,  which  prepares  a  fluid  to  be  mixed 
with  the  chyle  and  effect  its  animal ization.  In  favour  of  the  view, 
that  it  is  a  part  of  the  lymphatic  system,  they  remark,  that  it  exists 
only  in  those  animals  that  have  a  distinct  absorbent  system;  that 
i(a  hulk,  in  animals  is  in  a  ratio  with  the  development  of  the  absor- 
bent system;  that  the  lymphatics  predominate  in  the  structure  of 
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the  ori^n;  that  ito  texture  is  like  that  of  tbe  lymphatic  geogUom; 
and  lastly,  that,  on  dissecting  a  turtle^  they  distinctly  saw  all  tiie 
lymphatics  of  the  abdomen  passing  first  to  the  spleen,  then  leaying 
that  organ  of  lai^r  size,  and  proceeding  to  the  thoracic  duet 

In  support  of  their  second  position,  that  it  furnishes  some  mate- 
rial towards  the  animaiization  of  the  chyle,  they  adduce;— the  large 
size  of  the  splenic  artery,  which  manifestly,  they  conceire,  carries 
more  blood  to  the  spleen  than  is  needed  for  its  nutrition;  and 
they  affirm,  that,  in  their  experiments,  they  have  frequently  found, 
whilst  digestion  and  chylosis  were  going  on,  the  lymphatic  ves- 
sels of  the  spleen  gorged  with  a  reddish  fluid,  which  was  carried  by 
them  into  the  thoracic  duct,  where  the  chyle  always  has  the  most 
rosy  hue;  and  they  add,  that  a  substance  injected  into  the  splenic 
artery,  passes  readily  into  the  lymphatics  of  the  spleen.  Lastly, 
after  extirpating  the  spleen  in  animals,  the  chyle  appeared  to  them 
to  be  more  trsnsparent;  no  longer  depositing  coagula;  and  the 
lymphatic  ganglions  of  the  abdomen  seemed  to  have  augmented  io 
size. 

Chaytssibb,  as  we  have  seen,  classes  the  spleen  anwngst  the  glan- 
di/orm  gangUantf  and  affirms,  that  a  fluid  is  exhaled  into  its  inte- 
rior of  a  serous  or  sanguineous  character,  which,  when  absorbed, 
assists  in  lymphosis. 

Many,  again,  have  believed,  that  the  spleen  is  a  sanguineous,  not 
a  lymphatic  ganglion,  but  they  have  diffisred  regarding  the  blood 
on  which  it  exerts  its  action;  some  maintaining,  that  it  prepares 
the  blood  for  the  secretion  of  the  gastric  juice;  others  for  that  of 
the  bile.  The  former  of  these  views  is  at  once  repelled  by  the  fact, 
that  the  vessels,  which  pass  from  the  splenic  artery  to  the  stomach, 
leave  that  vessel  before  it  enters  the  spleen. 

The  latter  view  also  rests  on  very  uncertain  data  and  deductions. 
Since  the  period  of  Hallbr,  the  blood  of  the  splenic  vein  has  been 
presumed  to  differ  essentially  from  that  of  other  veins,  which  has 
led  to  the  belief  that  some  elaboration  is  eff*ected  in  the  spleen  so  as 
to  fit  the  blood  for  the  secretion  of  the  bile.  It  has  been  described 
as  more  aqueous,  more  albuminous,  more  unctuous,  and  blacker  than 
other  venous  blood ;  to  be  less  coagulable,  less  rich  in  fibrine,  and 
the  fibrine  it  does  contain  to  be  less  animalized.  Yet  these  affirma- 
tions have  been  denied;  and  even  were  they  admitted,  we  have  no 
positive  knowledge  that  such  changes  better  adapt  it  for  the  forma- 
tion of  bile  by  the  liver. 

The  ideas  that  have  existed  regarding  its  acting  as  a  diver- 
ticulum for  the  blood  have  been  mentioned,  under  the  head  of 
CiBcuLATioN  By  some,  it  has  been  supposed  to  act  as  such  in 
the  intervals  of  digestion ;  or,  in  other  words,  to  be  a  diver- 
ticulum to  the  stomach;  by  others,  its  agency  in  this  way  is 
believed  to  apply  to  the  whole  circulatory  system,  so  that  vvhen 
the  flow  of  blood  is  impeded  or  arrested  in  other  parts,  it  may 
be  received  into  the  spleen.     It  is  hard  to  say  which  of  these 
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8pe<wlati0tiii  lA  the  most  ing<mioii8.  Nobe  can  satirfy  the  judidous 
phjrliliole^st^  «speciilly  When  h6  eOnsidei^  the  eomtmmtit^  ttiiptt- 
nity  edlMequent  on  extirpation  of  the  orgati. 

lliift  was  an  operation  performed  at  an  early  period*  PLtmr 
ifflntl^  Aat  it  was  practised  on  runners  to  render  them  more  swift. 
On  animals  the  spleen  has  been  repeatedly  removed,  and  although 
many  of  these  hare  died  in  consequence  of  the  operation,  several 
h§Li^6  recovered. 

AmiLON  refers  to  the  case  of  a  man  who  was  Wounded  by  a  knife 
and^  the  last  false  rib  of  the  left  side.  Surgical  attendance  wa^  liot 
had  until  twelve  hours  afterwards ;  and,  as  the  sj^leen  had  issued  at 
the  wound,  and  was  much  altered,  it  was  considered  necessary  to 
extirpate  it  The  vessels  were  tied  ;  the  man  got  well  in  less  than 
two  months,  and  has  evei^  since  enjoyed  good  health. 

Sir  CteARLSs  Bbli  asserts,  in  his  ^  Anatomy  and  Physiology/^ 
that  ati  old  pupil  had  recehtly  given  hitn  ah  aceouht  of  his  havinr 
out  off  the  spleen  iti  si  native  of  Sduth  Abierica.  The  Spleen  had 
escaped  through  a  wound,  and  had  bed<^me  gangrenous.  He  could 
observe  ho  emti  to  result  from  the  extirpsltion. 

Dr.  O^fti^if,  in  an  inaugural  dissertation^  published  at  Editi-* 
byrgh  ill  1816,  refers  to  a  case  whidh  fell  under  his  bwn  ma- 
nagement The  tiiah  was  a  native  of  Mexico;  the  spleen  lay  du^ 
owing  to  a  wound  of  the  abdomen,  for  two  days  before  the  surgeon 
was  applied  to.  The  bleeding  was  profuse;  the  vessels  and  other 
connexions  were  secured  by  ligature,  and  the  spleen  separated  com- 
pletely on  the  twentieth  day  of  the  wound.  On  the  forty-fifth  day» 
the  man  was  discharged  from  the  hospital,  cured;  and  he  remarked 
to  some  one  about  this  time,  that  **  he  felt  as  well  as  he  ever  did  in 
his  life." 

DuLAUBENs,  Eebckbino,  BAiiiLiE,  and  others,  refer^  also,  to 
cases,  in  which  the  spleen  has  been  found  wanting  in  man,  with- 
out any  apparent  impediment  to  the  functions. 

The  experiments,  that  have  been  made  on  animals  by  removing 
the  spleen,  have  led  to  discordant  results.  Malfiohi  says,  that  the 
operation  was  followed  by  increased  secretion  of  urine;  Dumas, 
that  the  animals  had  aft;erwards  a  voracious  appetite;  Ms  ad,  and 
Mater,  that  digestion  was  impaired,  that  the  evacuations  were  more 
liquid, and  the  bile  more  watery;  Tisdemann  and  Gmelih,  that  the 
ohyle  appeared  more  transparent  and  devoid  of  clot;  Professor  Cole- 
man, that  the  dogs, — the  subjects  of  the  experiment,— -were  fat  and 
indolent 

DupuTTiiEH  extirpated  the  spleens  of  forty  dogs  on  the  same  day, 
without  tying  any  vessel,  but  merely  stitching  up  the  wound  of  the 
abdomen,r— yet  no  hemorrhage  supervened.  In  the  first  tight  days, 
half  the  dogs,  operated  on,  died  of  inflammation  of  the  abdominal 
viscera  induced  by  the  operation,  as  was  proved  by  dissection.  The 
other  twenty  got  well  without  any  accident  at  the  ebd  of  three 
weeks  at  the  farthest  At  first,  they  manifested  a  voracious  appetite, 
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but  it  sooD  returned  its  natural  standard.  They  fed  on  the  same  ab» 
ment,  the  same  drinks^  took  the  same  quantity  of  food,  and  diges- 
tion seemed  to  be  accomplished  in  the  same  time.  The  faeces  had 
the  same  consistence,  the  same  appearance,  and  the  chyle  appeared 
to  have  the  same  character.  Nor  did  the  other  functions  o&r  any 
modification. 

DupUYTRBM  opened  several  of  these  dogs  some  time  afterwards, 
and  found  no  apparent  change  in  the  abdominal  circulation, — in  that 
of  the  stomach,  epiploon,  or  liver.  The  last  organ^  which  appear- 
ed to  some  of  the  experimenters  to  be  enlarged,  did  not  seem  to 
him  to  be  at  all  so.  The  bile  alone  appeared  a  little  thicker,  and 
deposited  a  slight  sediment 

These  circumstances  render  it  extremely  difficult  to  arrive  at  any 
theory  regarding  the  offices  of  this  anomalous  organ.  It  is  mani- 
festly not  essential  to  life,  and  therefore  not  probably  inservient  to 
the  purposes  assigned  to  it  by  Tiedemanm  and  Gmelin.  Bostock 
properly  remarks,  that  its  office  must  be  something  of  a  supple- 
mentary or  vicarious  nature;  and  this  would  accord  best,  perhaps, 
with  the  notion  of  its  serving  as  a  diverticulum;  the  blood  speedily 

ning,  after  the  organ  has  been  extirpated,  into  other  channels, 
lust  be  admitted,  however,  that  our  knowledge  of  the  function 
is  of  a  singularly  negative  and  unsatisfactory  character. 
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CLASS  III. 

FUNCTIONS  OF  REPRODUCTION,  OR  GENERATION. 

The  functions,  which  we  have  been  hitherto  considering,  relate 
exclusively  to  the  individual.  We  have  now  to  investigate  those, 
that  refer  to  the  preservation  of  the  species;  and  without  which 
living  beings  would  soon  cease  to  exist  AlUiough  these  are  really 
multiple,  it  has  been  the  custom  with  physiologists  to  refer  them 
to  one  head — generation — of  which  they  are  made  to  form  the' sub- 
ordinate divisions. 

The  function  of  generation,  much  as  it  varies  amongst  orga- 
nized bodies,  is  possessed  by  them  exclusively.  When  a  mineral 
^ves  rise  to  another  of  a  similar  character,  it  is  at  the  expense  of 
its  own  existence;  whilst  the  animal  and  the  vegetable,  produce 
being  after  being,  without  any  curtailment  of  theirs. 

The  writers  of  antiquity  considered  that  all  organized  bodies 
are  produced  in  one  of  two  ways.  Amongst  the  upper  classes  of 
both  animals  and  vegetables  they  believed  the  work  of  reproduc- 
tion to  be  effected  by  a  process,  which  is  termed  univocal  or  regu- 
lar generation;  but  in  the  very  lowest  classes,  as  the  mush- 
room, the  worm,  the  frog,  &c.  they  conceived  that  the  putrefaction 
of  different  bodies,  aided  by  the  influence  of  the  sun,  might  gene- 
rate life.  This  has  been  termed  equivocal  or  spontaneous  gene- 
ration; and  is  supposed  to  have  been  devised  by  the  Egyptians, 
to  account  for  the  swarms  of  froes  and  flies,  which  appeared  on  tb# 
banks  of  the  Nile  after  its  periodical  inundations. 

Amonest  the  ancients  the  latter  hypothesis  was  almost  univer- 
sally credited.  Flint  unhesitatingly  expresses  his  belief,  that  the 
rat  and  the  frog  are  produced  in  this  manner;  and,  at  his  time,  it 
was  generally  thought,  that  the  bee,  for  example,  was  derived  at 
times  from  a  parent;  but  at  others  from  putrid  beef.* 

The  passage  of  Viroil, — ^in  which  he  describes  how  the  shepherd 
Abistmvs  succeeded  in  producing  swarms  of  bees  from  the  entrails 
of  a  steer,  exposed  for  nine  days  to  putrefaction, — ^is  probably  fami- 
liar to  most  readers: — 

**  Fint  in  a  place,  by  nature  close,  they  build 
A  narrow  noorinr,  guttered,  wall'd  and  til'd. 
In  this,  four  windows  are  contri?*d,  that  strike 
To  the  four  winds  oppos'd,  their  beams  oblique. 
A  steer  of  two  years*  old  Uiey  take,  whose  head 
Now  first  with  bumish'd  horns  begins  to  spread. 


*  "Apet  nascuntur  partim  ex  apibus,  partim  ex  bubulo  corpore  putreflicto.''^ 
YABme. 
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They  stop  his  noftrili»  while  he  itriTet  in  vftin 

To  breathe  free  air,  and  ttroggles  with  hit  pain. 

Knock'd  down  he  dies;  his  bowels,  bruised  within. 

Betray  no  wound  on  his  unbroken  sldn. 

Extended  thus,  in  this  obscene  abode 

They  leave  the  beast;  but  first  sweet  fiow'rs  are  stiew'd 

Peneath  his  body,  broken  boughs  and  thyme. 

And  pleasing  cassia,  just  renew'd  in  prime. 
•  •  •  •  • 

The  tainted  blood,  in  this  close  prison  pent. 

Begins  to  boil,  and  through  the  bones  ferment. 

Then  (wond*rous  to  behold)  new  creatures  rise, 

A  moving  mass,  at  first,  and  short  of  thighs; 

Till,  shooting  out  with  legs,  and  imp'd  with  wings, 

The  grubs  proceed  to  bees  with  pointed  stings; 

An<^  tnore  and  more  sfiecting  air,  they  try 

Their  tender  pinions,  and  beg^  to  fly. 

At  length,  like  summer  storms,  fh>m  spreading  clouds 

That  burst  at  once  and  pour  impetuous  floods^ 

Or  flights  of  arrows  horn  the  Psrthian  bows. 

When  from  afitf  they  gall  embattled  foes:— 

With  such  a  tempest  throueh  the  skies  they  steer. 

And  such  a  form  the  winged  squadrons  bear.^ 

C^moio.  lib.  vh 

The  hypothesis  of  equivocal  geoeratioD  hayiDg^beeii  coDceiFed> 
in  consequence  of  the  impracticability  of  tracing  ocularly  the 
function  in  the  minute  tribes  of  animals,  it  naturally  maintained  its 
ground,  as  regarded  those  animals,  until  better  means  of  observa- 
tion were  invented.  The  difficulty,  too,  of  admitting  regular  gene- 
ration as  applicable  to  all  animals,  was  augmented  by  the  fac^  not 
at  first  known  to  naturalists,  that  many  of  the  lower  tribes  conceal 
their  eggs^  in  order  that  their  nascent  larv«d  may  find  suitable 
food. 

The  existence,  however,  of  evident  sexual  organs  in  many  of 
those  small  species,  induced  physiologists,  at  an  early  period,  to 
believe,  that  they  also  might  be  reproduced  by  sexual  intercourse; 
but  direct  pdroofs  were  not  obtained  until  the  discovery  of  the  mi- 
eroacope;  after  which  thp  investigations  of  Rsni,  V  allisvseIj 
SwAMMBBDAM,  HooKB,  Reauhub,  Bonnbt  and  others  clearly 
demonstrated,  that  the  smallest  insecta  have  eggs  and  sexes,  and 
that  they  reproduce  like  other  animals. 

In  the  case  of  plants,  it  has  been  supposed  that  the  orowth  of 
the  fungi  amongst  dung,  and  of  the  various  parasitical  plants  that 
appear  on  putrid  flesh,  fruit,  &c.  furnishes  facts  in  support  of 
the  equivocal  theory;  but  tfie  microscope,  exhibits  the  seeds  of 
many  of  these  plants,  and  experiments  show  that  they  are  pro- 
lific The  characters,  by  which  the  difierent  species  and  varieties 
are  distinguished,  alUiough  astonbhtngly  minute,  are  fixed;  exhi- 
biting no  fluctuation,  such  as  might  be  anticipated,  did  these  plants 
arise  by  spontaneous  generation,  or  by  the  fortuitous  concourse  of 
atoms. 

The  animalcules,  tluit  make  their  appearance  in  water,  in  which 
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vegetiiUe  or  anioial  subsUnces  have  been  infused  or  are  contained, 
would  aeem,  at  first  sight,  to  favour  the  ancient  doctrine.  In  these 
eaeesy  however,  the  species,  again,  have  determinate  characters; 
presenting  always  the  same  proportion  of  parts;  and  appearing  to 
transmit  their  vitality  to  their  descendants  in  a  manner  not  unlike 
that  of  animals  higher  in  the  scale.  The  explanation  offered  by  the 
supporters  of  the  univocal  theory  for  those  obscure  cases,  in  which 
direct  observation  fails  us,  is,  that  their  seeds  and  eggs  are  so  ex- 
tremely minute,  that  they  can  be  borne  about  by  the  winds;  be 
readily  deposited  in  every  situation,  and  when  they  find  a  soil  or 
nidus,  iayourahle  to  their  growth,  can  undergo  development 
Thus,  the  soil,  in  which  alone  the  manilia  glauca  flourishes,  is  pu- 
trid fruit;  whilst  the  small  infusory  animal — the  vibrio  aoeti  or 
vinq^r  eel, — requires,  for  its  growth,  vinegar  that  has  been  for  some 
time  exposed  to  the  air.  ^^  That  the  atmosphere,''  says  Dr.  Gk)OD, 
'^  is  freighted  with  myriads  of  insect  eggs,  that  elude  our  senses; 
and  that  such  egj^  when  they  meet  with  a  proper  bed,  are  hatched 
in  a  few  hours,  into  a  perfect  form,  is  clear  to  any  one  who  has 
attended  to  the  rapid  and  wonderful  effects  of  what,  m  common  lan- 
guage, is  called  a  blight,  upon  plantations  and  prdens.  I  have  seen, 
as  probably  many,  who  may  read  this  work,  have  also,  a  hop- 
ground  completely  overrun  and  desolated  by  the  aphis  humuU  or 
hcpgreen^ousCf  within  twelve  hours  after  a  honey-deWy  (which  is 
a  peculiar  haze  or  mist,  loaded  with  a  poisonous  miasm,)  has  slowly 
swept  through  the  plantation,  and  stimulated  the  leaves  of  the  hop 
to  the  morbid  secretion  of  a  saccharine  and  viscid  juioe,  which, 
while  it  destroys  the  young  shoots  by  exhaustion,  renders  them  a 
favourite  resort  for  this  insect,  and  a  cherishing  nidus  for  the  my- 
riads of  little  dots  that  are  its  eggs.  The  latter  are  hatched  within 
eight-and-forty  hours  after  their  deposit,  and  succeeded  by  hosts  of 
other  ^ggk  of  the  same  kind;  or,  if  the  blight  take  place  in  an  early 
part  of  the  autumn,  by  hosts  of  the  young  insects  produced  vivi- 
parously;  for  in  different  seasons  of  the  year,  the  aphis  breeds  both 
ways. 

<^  Now  it  is  hi^ly  probable*  that  there  are  minute  eggs  or  ovula, 
'Of  innumerable  kmds  of  animakules  floating  in  myriads  of  mjrriads 
through  the  atnumbere,  so  diminutive  as  to  bear  no  larger  propor- 
tion to  the  eggs  of  the  aphis  than  these  bear  to  those  of  the  wren, 
or  the  hedge-sparrow;  protected,  at  the  same  time,  from  destruction 
hj  the  filmy  integument,  tiiat  surrounds  them,  till  they  can  meet 
with  a  proper  nest  for  tfieir  reception,  and  a  proper  stimulating 
power  to  quicken  them  into  life;  and  which,  with  respect  to  many 
of  them,  are  only  found  obvious  to  the  senses  in  different  desoiip- 
tiona  of  animal  fluids. 

^The  same  feet  occurs  in  the  miiieral  kingdom;  stagnant  water, 
thou|^  putrid  by  distillation  and  confined  in  a  marble  basin,  wiU, 
in  a  ahok  time>  become  loaded  on  its  surfece  or  about  its  sides  with 
^raiioaa  spoeies  of  eon&rvas;  while  the  interior  will  be  peeled  witk 
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microscopic  animalcules.  So,  while  damp  cellars  are  covered  with 
boletuses,  agarics  and  other  funguses,  the  driest  brick  walls  are  often 
lined  with  lichens  and  mosses.  We  see  nothing  of  the  animal  and 
vegetable  eggs  or  seeds  by  which  all  this  is  effected;  but  we  know, 
that  they  exist  in  the  atmosphere,  and  that  this  is  the  medium  of 
their  circulation." 

This  view  of  the  extraneous  origia  of  the  seeds  of  the  confervas, 
&C.  is  strongly  corroborated  by  an  experiment  of  Sbnsbieb.  He 
filled  a  bottle  with  distilled  water  and  corked  it  accurately;  not  an 
atom  of  green  matter  was  produced,  although  it  was  exposed  to  the 
light  of  the  sun  for  four  years;  nor  did  the  green  matter,  considered 
as  the  first  stage  of  spontaneous  organization,  exhibit  itself  in  a  glass 
of  common  water,  covered  with  a  stratum  oif  oil. 

The  subject  of  intestinal  worms  has  been  eagerly  embraced  by  the 
supporters  of  the  doctrine  of  equivocal  generation,  who,  are  of  opi^ 
nion,  that  the  germs  need  not  be  received  from  without;  whilst  the 
followers  of  the  univocal  doctrine  maintain,  that  they  must  always 
be  admitted  into  the  system. 

The  first  opinion  includes  amongst  its  supporters  the  names  of 
NfiBDHAM,  BuFVON,  Patbinus,  Tbevibands,  Kudolfhi,  Bbsmser 
and  HiMLY.  The  latter  comprises  those  who  believe  in  the  Har- 
veian  maxim, — omne  vivum  ex  ovof — in  other  words,  the  majority 
of  the  i^ysiolegists  of  the  present  day. 

To  support  the  latter  opinion,  it  has  been  attempted  to  show,  that 
the  worms,  found  in  the  human  intestines,  are  precisely  the  same 
as  others  that  have  been  found  out  of  the  body;  but  the  evidence  in 
favour  of  this  position  is  by  no  means  strong  or  satisfactory. 
LiNNJBus  aflSrms,  that  the  distatna  hepaticum  or  fluke  has  been 
met  with  in  fresh  water:  the  tsenia  vulgarUi^^i  a  smaller  size, 
however, — ^in  muddy  sprjngs;  and  Uie  cncarides  vermiculares  in 
marshes  and  in  the  putrescent  roots  of  plants.  Gadd  also  affirms, 
that  he  met  with  the  tmnia  articulata  plana  osctUis  lateralibus 
geminis  in  a  chalybeate  rivulet;  Unzeb,  the  taenia  in  a  well;  and 
TissoT,  that  he  found  a  tmnia^  exactly  like  the  human,  in  a  river; 
whilst  Lbeuenhoek,  Schaeffeb,  Palmeb  and  others  affirm, 
that  they  have  found  the  distoma  hqjaticum  in  waten  but 
MuELLEB,  who  took  extraordinary  pains  in  the  comparative  exa- 
mination of  the  entozoa,  that  infest  the  human  body,  with  those 
that  are  met  with  in  springs,  states  that  he  has  frequently  de- 
tected i\»planarisej  but  never  saw  one  like  the  distoma  hepa- 
ticum. 

On  the  other  hand,  the  supporters  of  the  equivocal  theory  have 
attempted,  with  a  good  deal  of  success,  to  show,  that  a  difference  is 
always  discoverable  between  the  worms,  that  are  found  without  and 
those  within  the  body ;  but  were  it  demonstrated  to  a  mathematical 
certainty,that  such  difference  exists,  it  would  not  be  an  invincible  ar- 

£ment  against  the  accuracy  of -the  univocal  theory;  as  difference  of 
iality,  food,  &c*  might  induce  important  changes  in  their  coipo- 
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read  deyelopment^and  give  occasion  to  the  diversity  which  is  occa- 
sionally perceptible  amongst  them. 

If  we  admit,  however,  that  the  germs  of  the  entozoa  are  al- 
ways received  from  without,  their  occurrence,  in  different  stages 
of  development,  in  the  foetus  in  utero  is  a  circumstance  some-, 
what  difficult  of  explanation  under  that  theory.  Small,  indeed, 
must  be  the  germ,  which,  when  received  into  the  digestive  organs 
of  the  mother,  can  pass  into  her  circulation,  be  transmitted  into 
the  vessels  of  the  foetus,  be  deposited  in  some  viscus  and  there 
undergo  its  full  development;  yet  such  cases  have  occurred,  if  the 
theory  be  correct  Certain  it  is,  that,  however  the  fact  may  be  ac- 
counted for,  worms  have  been  found  in  the  foetus  by  individuals 
whose  testimony  cannot  be  doubted.  Fbomhann  saw  the  distoma 
hepaticum  in  the  liver  of  the  foetal  lamb;  E^rckbing,  aacarides 
lumbricoidta  in  the  stomach  of  a  foetus  six  and  a  half  months  old; 
Brendel,  txnisB  in  the  human  foetus  in  utero;  Heim, /asnta?  in  the 
new-born  infant;  Blumenbach,  tasnissy  in  the  intestine  of  the  new- 
bom  puppy;  and  Gosze,  Bloch,  and  Rudolphi,  the  same  parasite 
in  sucking  lambs. 

Perhaps  the  conclusion  of  Cuvieb  is  the  soundest  and  most  con- 
sistent with  analogy,  that  these  parasites  '^  propagate  by  germs 
so  minute  as  to  be  capable  pf  tiansmission  through  the  narrowest 
passages;  so  that  the  germs  may  exist  in  the  infant  at  birth.'' 
We  have  seen,  that  not  simply  the  germs,  but  the  animals  them- 
selves have  been  found  at  this  early  period  of  existence. 

Still  there  are  many  distinguished  naturalists,  who  conceive  it 
probable,  that  spontaneous  generation  may  occur  in  the  lowest  di- 
visions of  the  living  scale.  Amongst  these  Lamabck  and  Geoffbot 
are  perhaps  the  greatest  names;  and  Adelon  seems  to  accord  with 
them;  but  the  facts,  which  he  adduces  in  support  of  the  position  are 
singularly  inapposite,  and  feeble. 

The  views  of  Lamabck,  regarding  the  formation  of  living  bodies, 
are  strange  in  the  extreme;  and  exhibit  to  us,  what  we  so  frequently 
witness,  diat  in  order  to  get  rid  of  a  subject,  which  is  difficult  to  the 
comprehension,  the  philosopher  will  frequently  explain  facts,  or 
adopt  suppositions,  that  require  a  much  greater  stretch  of  the  ima- 
gination to  invent,  and  present  stronger  obstacles  to  belief  than 
those  for  which  they  are  substituted.  M.  De  Lamabck  maintains, 
that  the  first  organized  beings  were  formed  throughout  by  a  true 
spontaneous  generation;  owing  their  existence  to  an  excitative  cause 
of  life,  probflA>ly  furnished  by  the  circumambient  medium,  and  con- 
sisting of  light  and  the  electric  fluid.  When  this  cause  met  with  a 
substance  oiagelatinousconsistence  and  dense  enough  to  retain  fluids, 
it  organized  the  substance  into  cellular  tissue,  and  a  living  being  re- 
sulted. This  process,  according  to  LAMAkcx,  is  occurring  daily  at 
the  extremity  of  the  vegetable  and  animal  kingdoms. 

The  being,  thus  formed,  manifested  three  faculties  of  life; — 
nutrition,  growth,  and  reproduction, — but  only  in  the  most  simple 
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manner.  The  organization  soon,  however,  beoame  more  eomplica- 
tedy  for  it  is,  he  remarks,  a  property  of  the  rital  moTement  to  tend 
always  to  a  greater  degree  of  development  of  organisation,  to  ereate 
particular  organs,  and  to  divide  and  multiply  tiie  difierent  eentres 
of  activity;  and,  as  reproduction  constantly  preserved  all  that  had 
been  acquired,  numerous  and  diversified  species  were,  in  thb  man- 
ner, formed,  possessing  more  and  more  extensive  faculties.  So  that, 
according  to  this  system,  nature  was  directly  concerned  only  in 
the  first  draughts  of  life;  participating  indirectly  in  the  existence 
of  living  bodies  of  a  more  complex  character ;  and  these  last  pro- 
ceeded from  the  former  after  the  lapse  of  an  enormous  time,  and 
an  infinity  of  changes  in  the  incessantly  increasing  complication  of 
organization; — reproduction  continuing  to  preserve  lU  the  ac- 
quired modifications  and  improvements. 

The  simplest  kind  of  generation  does  not  require  sexual  organs. 
The  animal,  at  a  certain  period  of  existence,  separates  into  sevend 
fragments,  which  form  so  many  new  individuals.  This  is  called 
fisnparoui  generation^  or  generation  by  epontaneous  dimnon. 
We  have  examples  of  it  in  the  infusory  animalcules — as  the  vine- 
gar eel  or  vibrio  acetu 

A  somewhat  more  elevated  kind  of  reproduction  is  the  gemmi- 
parouSf  which  consists  in  the  formation  of  buds  or  germs  on  sodie 
part  of  the  body.  These,  at  a  particular  period,  drop  off,  and'fonn 
as  many  new  individuals.  According  as  the  germs  are  developed 
at  the  surface  of  the  body,  or  internally,  the  gemmiparous  generation 
is  said  to  be  external  or  internal. 

In  these  two  varieties  the  whole  function  is  executed  by  a  ringle 
individual. 

Higher  up  in  the  scale  we  find  special  organs  for  thoaoeomplish- 
ment  of  generation — male  ^ni  female.  In  those  animals,  however, 
that  possess  special  reproductive  organs,  some  have  both  sexes  in 
the  same  individual,  or  are  hermaphrodite  or  androgymme^  as 
is  the  case  in  almost  all  plants,  and  in  some  of  the  lower  tribes  of 


In  these,  a^in,  we  notice  a  difference.  Some  are  o^mble  of  re- 
production without  the  concourse  of  a  second  individual;  others, 
again,  although  possessing  both  attributes,  require  the  concourse  of 
another;  the  mile  parts  of  the  one  unitiog  with  the  female  parts  of 
the  other,  and  vice  versa.  Both,  in  this  way,  become  impregnated. 
The  heUx  hartensie  or  garden  snail  affords  us  an  instance  of  this 
kind  of  reprodtiction.  They  meet  in  pairs,  according  to  Sbaw,  and 
stationing  themselves  an  inch  or  two  apart,  launch  several  small 
darts,  not  quite  half  an  inch  long,  at  each  other.  These  are  of  a 
horny  substance,  and  sharply  pointed  at  one  end.  The  animals, 
during  the  breeding  season,  are  provided  with  a  little  reservoir  for 
them,  situated  within  the  neck,  and  opening  on  the  right  side.  On 
the  discharge  of  the  first  dart,  the  wounded  snail  immediately  re- 
taliates on  its  aggressor,  by  throwing  a  similar  dart;  the  other  re- 
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news  the  battle,  and  in  turn,  is  again  wounded.  When  the  darts  are  ex* 
pended,  the  war  of  love  is  completed,  and  its  consummation  succeeds. 

In  the  superior  animals  each  sexual  characteristic  is  possessed  by 
a  separate  individual, — the  species  being  composed  of  two  indivi* 
duals,  male  and  female,  and  the  concourse  of  these  individuals,  or 
of  matters  proceeding  from  both  sexes,  being  absolutely  necessary 
for  reproduction. 

But  here,  again,  two  great  differences  are  met  with  in  the  pro* 
cess.  Sometimes  the  fecundating  fluid  of  the  male  sex  is  not  ap- 
plied to  the  ovum  of  the  female,  until  after  its  ejection  by  thelatter, 
as  in  fishes.  In  other  cases,  the  ovum  cannot  be  fecundated  after  its 
ejection,  and  the  fluid  of  the  male  sex  is  applied  to  it  whilst  still 
within  the  female,  as  in  birds  and  the  mammalia.  In  such  case^  the 
male  individual  is  furnished  with  an  organ  for  penetrating  the  parts  of 
the  female,  and  in  this  kind  of  generation  there  must  be  copulation* 

Again,  where  there  is  copulation,  the  following  varieties  may 
exist  First  The  ovum,  when  once  fecundated,  may  be  imme- 
diately laid  by  the  female,  and  may  be  hatched  out  of  the  body,  con- 
stituting oviparous  generation.  Secondly,  Although  the  process 
of  laying  may  commence  immediately,  the  fecundated  ovum  may 
pass  so  slowly  through  the  excretory  passages,  that  it  may  be 
batched  there,  and  the  new  individual  may  issue  from  th^  womb  of 
the  parent  possessing  the  proper  formation.  This  constitutes  ovo* 
viviparous  generation,  of  which  we  have  an  example  in  the  viper. 
Lastly.  The  fecundated  ovum  may  be  detached  from  the  ovary 
soon  after  copulation,  but,  in  place  of  being  ejected,  it  may  be  de- 
posited in  a  reservoir,  termed  a  womb  or  uterus;  be  fixed  there; 
attract  fluids  from  the  organ  adapted  for  its  development,  and  thus 
increasing  at  the  expense  of  the  mother,  be  hatched,  as  it  were,  in 
this  reservoir,  so  that  the  new  individual  may  be  bom  under  its 
appropriate  form.  In  such  case,  moreover,  the  new  being,  after 
birth,  may  be  for  a  time  supported  on  a  secretion  of  the  mother-^ 
the  milk.  These  circumstances  constitute  viviparous  generation; 
in  which  there  are  copulation,  fecundation,  gestation  or  pregnancy, 
and  lactation  or  suckling. 

There  is  a  very  considerable  difference  in  animals  as  regards  the 
nurturing  care  afforded  by  the  parents  to  their  young.  Amongst 
the  oviparous  animals,  many  are  satisfied  with  instinctively  de- 
positing their  ova  in  situations,  and  under  circumstances  favooiv 
mble  to  their  hatching,  and  then  abandoning  them,  so  that  they 
can  never  know  their  progeny.  This  is  the  case  with  insects. 
Others  again,  as  birds,  subject  their  ova  to  incubation,  and,  after 
they  have  been  hatched,  administer  nourishment  to  their  young 
during  the  early  period  of  existence.  In  the  viviparous  anima^ 
these  cares  are  still  more  extensijre;  the  mother  drawing  from  her 
own  bosom  the  nutriment  needed  fay  the  infant,  or  suckling  her 
young. 

There  are  some  other  varieties  in  the  generation  of  animals.    Id 
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some,  it  can  be  performed  but  once  during  the  life  of  the  individual; 
in  others,  we  know  it  can  be  effected  repeatedly.  Sometimes  one 
copulation  fecundates  but  a  single  individual;  at  others,  several  ge- 
nerations are  fecundated.  A  familiar  example  of  this  fecundity 
occurs  in  the  common  fowl,  in  which  a  single  access  will  be  suffi- 
cient to  fecundate  the  eggs  for  the  season.  In  the  insect  tribe  this 
is  still  more  strikingly  exemplified.  In  the  aphis  puceron  or 
green-plant  louse^  through  all  its  divisions,  and  in  the  inonoculus 
pulexy  according  to  naturalists,  a  single  impregnation  suffices  for  at 
least  six  or  seven  generations.  There  is  in  this  case  another  strange 
deviation  from  the  ordinary  laws  of  propagation,  viz.  that  in  the 
warmer  summer  months  the  young  are  produced  viviparously,  and 
in  the  cooler  autumnal  months  oviparously. 

A  single  impregnation  of  the  queen  bee  will  serve  to  fecundate 
all  the  eggs  she  may  lay  for  two  years  at  least.  Huber  believes  for 
the  whole  of  her  life,  but  he  has  had  numerous  proofs  of  the  former. 
She  begins  to  lay  her  eggs  forty-six  hours  after  impregnation,  and 
will  commonly  lay  about  three  thousand  in  two  months,  or  at  the 
rate  of  fifty  eggs  daily.  Lastly,  the  young  are  sometimes  born  with 
the  shape  which  they  have  always  to  maintain;  at  others,  under 
forms,  which  are,  subsequently,  materially  modified,  as  in  \h&papu 
lio  or  butterfly  genus. 

The  reproduction  of  the  human  species  requires  the  concourse  of 
both  sexes;  these  sexes  being  separate,  and  each  possessed  by  a  dis- 
tinct individual — male  and  female.  All  the  acts  comprising  it 
may  be  referred  to  five  great  heads.  1.  Copulation^  the  object  of 
which  is  to  apply  the  fecundating  principle,  furnished  by  the  male, 
to  the  germ  of  the  female.  2.  Conception  or  fecundation^  the 
prolific  result  of  copulation.  3.  Gestation  or  pregnancy,  com- 
prising the  sojourn  of  the  fecundated  ovum  in  the  uterus,  and  the 
development  it  undergoes  there.  4.  Delivery  or  accouchementf 
which  consists  in  the  detachment  of  the  ovum;  its  excretion  and 
the  birth  of  the  new  individual ;  and  lastly,  lactation^  or  the  nou- 
rishing of  the  infant  on  the  maternal  milk. 

Of  the  Generative  •Apparatus. 

The  part,  taken  by  the  two  sexes  in  the  process  of  generation,  is 
not  equally  extensive.  Man  has  merely  to  furnish  the  fluid,  neces- 
sary for  effecting  fecundation,  and  to  convey  it  within  the  female. 
He  consequently  participates  only  in  copulation  and  fecundation; 
whilst,  in  addition,  the  acts  of  gestation  and  lactation  are  accom- 
plished by  the  female.  Her  generative  apparatus  is  therefore  more 
complicated,  and  consists  of  a  greater  number  of  organs. 

1.  Of  the  Genital  Organs  of  the  Male. 

The  generative  apparatus  of  the  male  comprises  two  orders  of 
parts:— those  which  secrete  and  preserve  the  fecundating  fluid,  and 
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those  which  accomplish  copulation.  The  first  consist  of  two  simi- 
lar glands — the  testes — which  secrete  the  sperm  or  fecundating  fluid 
from  the  blood.  2.  The  excretory  ducts  of  those  glands — ^the  vasa 
deferentia.  3.  The  vesicube  seminalesy  which  communicate  with 
the  vasa  deferentia  and  urethra ;  and  4.  Two  canals,  called  ejacti- 
latorj/y  which  convey  the  sperm  from  the  vesiculse  seminales  into 
the  canal  of  the  urethra,  whence  it  is  afterwards  projected  exter^ 
nally.  The  second  consists  of  the  peniSy  an  organ  essentially  com- 
posed of  erectile  tissue,  and  capable  of  acquiring  considerable  ri- 
gidity.    These  parts  will  require  a  more  detailed  notice. 

Testes. — ^The  testicles  are  two  glands  situated  in  a  bag,  suspend- 
ed beneath  the  pubes,  called  the  scrotum;  the  right  being  a  little 
higher  than  the  left  They  are  of  an  ovoid  shape,  compressed  late- 
rally, their  size  being  usually  that  of  a  pigeon's  egg,  and  their  weight 
about  seven  and  a  half,  or  eight  drachms. 

Like  other  glands,  they  receive  arterial  blood  by  an  appropriate 
vessel,  which  communicates  with  the  excretory  duct  The  sper- 
matic artery  conveys  the  blood,  from  which  the  secretion  has  to 
be  operated,  to  the  testicle.  It  arises  from  the  abdominal  aorta  at  a 
very  acute  angle,  is  small,  extremely  tortuous,  and  passes  down  to 
the  abdominal  ring,  through  which  it  proceeds  to  the  testicle. 
When  it  reaches  this  organ,  it  divides  into  two  sets  of  branches, 
some  of  which  are  distributed  to  the  epididymis,  others  enter  the 
testicle  at  its  upper  margin,  and  assist  in  constituting  its  tissue. 

The  excretory  ducts  form,  in  the  testicle,  what  are  called  the 
seminiferous  vessels  or  tubuli  semini/eri.  These  terminate  in  a 
white  cord  or  nucleus,  situated  at  the  upper  and  inner  part  of  the 
organ,  where  the  excretory  duct  commences,  and  which  is  called 
the  corpus  highmorianum  or  sinus  of  the  seminiferous  vesseh. 
Besides  these  anatomical  elements  of  the  testes,  there  are  also — 1. 
Veins,  termed  spermatic^  which  return  the  superfluous  blood  back 
to  the  heart  These  arise  in  the  very  tissue  of  the  organ,  and  form 
the  ^ermatic  plexus,  the  divisions  of  which  collect  in  several 
branches,  that  pass  through  the  abdominal  ring,  and  unite  into  a 
single  trunk,  which  subsequently  divides  again  into  another  plexus, 
termed  corpus  pampiniforme.  This  has  been  described  as  pecu^ 
liar  to  the  human  species,  and  as  a  diverticulum  for  the  blood  of 
the  testicle,  whose  functions  are  intermittent  These  veins  ulti- 
mately terminate  on  the  right  side  in  the  vena  cava,  and  on  the  lefl 
in  the  renal  vein.  2.  Lymphatic  vessels,  in  considerable  number, 
the  trunks  of  which,  after  having  passed  through  the  abdominal 
ring,  open  into  the  lumbar  glands.  3.  Nerves,  partly  furnished 
by  the  renal  and  mesenteric  plexuses  and  by  the  great  sympathetic, 
partly  by  the  lumbar  nerves,  and  which  are  so  minute  as  not  to  be 
traceable  as  far  as  the  tissue  of  the  testicle.  4.  An  outer  membrane 
or  envelope  to  the  whole  organ,  called  tunica  albuginea  or  peri- 
testis.  This  is  of  an  opaque  white  colour,  of  an  evidently  fibrous 
and  close  texture,  and  envelopes  and  gives  shape  to  the  organ,  tt 
also  sends  into  the  interior  of  the  testicle  numerous  filiform,  flat- 
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tened  proloDgatioDs,  which  constitute  incomplete  septa  or  parti- 
tioDfl.  These  form  triangular  spaces,  filled  with  seminiferous  ves- 
■els>  that  pass,  with  considerable  regularity,  towards  the  superior 
nurgio  aad  the  corpus  highmorianum. 

Then  elements  united  constitute  the  testicle,  the  substance  of 
which  is  soft,  of  a  yellowish-gray  colour,  and  divided  by  prolonga- 
tions of  the  tunica  albuginea,  into  a  considerable  number  of  lobes 
and  lobules.  It  seems  to  be  formed  of  an  immensity  of  very  deli- 
eate,  tortuous  filaments,  interlaced  and  convoluted  in  all  directions, 
loosely  united,  and  between  which  are  ramifications  of  the  sper- 
matic arteries  and  veins. 

According  to  Mdkro  Secundus,  the  seminiferous  tubes  of  the 
testicle  do  not  exceed  the  7^7'^  P^^^  ^^  ^'^  '"'^^  '"  diameter,  and, 
when  filled  with  mercury,  the  yinth  part  of  an  inch.  He  calcu- 
lated, that  the  testis  consists  of  62,500  tubes,  supposing  each  to  be 
one  inch  long;  and  that  if  the  tubes  were  united,  they  would  be 
£208  feet  and  4  inches  long.  The  tubuli  seminiferi  finally  termi- 
nate in  straight  tubes,  called  vasa  recta,  which  unite  near  the  cen- 
tre of  the  testis,  in  a  complicated  arrangement  bearing  the  name 
vete  tettis  or  rete  vasculosum  testis;  from  this  from  12  to  18 
duets  proceed  upwards  and  backwards  to  penetrate  the  corpus 
highmorianum  and  the  tunica  albuginea.  These  duels  are  called 
vaaa  efferentia.  Each  of  them  is  afterwards  convoluted  upon 
itself,  so  as  to  form  a  conical  body,  called  conus  vaaculosua,  having 
its  base  backwards;  and  at  its  base  the  tube  of  each  cone  enters  the 
tube  of  which  the  epididymis  is  formed. 

The  epididymis  is  the  prismatic  arch,  B,  C.  Fig.  137,  which  rests 
vertically  on  the  back 
Fig.  1S7.  of  the  testicle  and  ad- 

heres to  it  by  the  re- 
flection of  the  tunica 
vaginalis,  so  as  to  ap- 
pear a  distinct  part 
from  the  body  of  the 
testis.  Itisenlargedat 
both  ends;  the- upper 
enlargement  being 
formed  by  the  coni 
vasGulosi,  and  cailed 
the  globus  major; 
the  lower  the  globus 
I   minor.     The    epidi- 

Idymis  is  formed  by 
a    single    convoluted 
tube,  the  fourth  of  a 
''  lineindiameter.When 
ifftjimfr^.TbetotkicMTriTdiiTibmnnhniiirminiiiotnimK  the   tube   attains  the 

-A.  BgilTirai?taticlt-B.Coroi«i.c™«,tDriheepi<liilym.,oriOWer  end  01   the  glO- 

jg*y.m^«-.-c.Ti,eHn^ii«<ioriW«™™r.-D.  n«™de.  [j^g  nilnor,  it  becomts 
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less  convoluted,  enlarges,  turns  upwards,  and  obtains  the  name  of 
vas  deferens. 

The  testes  of  most  animals,  that  procreate  but  once  a  year,  are 
comparatively  small  during  the  months  when  they  are  not  excited. 
In  man,  the  organ  before  Jbirth,  or  rather  during  the  greater  part 
of  gestation,  is  an  abdominal  viscus;  but,  about  the  seventh  month 
of  foetal  existence,  it  gradually  descends  through  the  abdominal 
ring  into  the  scrotum,  which  it  reaches  in  the  eighth  month,  by  a 
mechanism  to  be  described  hereafter.  In  some  cases,  it  never  de- 
scends, but  remains  in  the  cavity  of  the  abdomen,  giving  rise  to 
considerable  mental  distress  in  many  instances,  and  exciting  the 
idea  that  there  may  be  a  total  absence  of  the  organs,  or  that, 
if  they  exist,  they  cannot  effect  the  work  of  reproduction.  The 
uneasiness  is  needless,  the  descent  appearing  to  be  by  no  means 
essential.  It  has  been  sufficiently  demonstrated,  that  indivi- 
duals, so  circumstanced,  are  capable  of  procreation.  In  many 
animals,  the  testicles  are  always  internal;  whilst,  in  some,  they 
appear  only  in  the  scrotum  during  the  season  of  amorous  excite- 
ment Foder6  has  indeed  asserted,  that  the  cry psor chides ^  or 
those  whose  testes  have  not  descended,  are  occasionally  remarked 
for  the  possession  of  unusual  prolific  powers  and  sexual  vigour.* 

It  appears,  that  there  is  a  set  of  barbarians  at  the  back  of  the 
Cape  of  €k>od  Hope,  who  are  generally  possessed  of  but  one  testi- 
cle, or  are  monorchides;  and  Linnaus,  under  the  belief  that  this 
is  a  natural  defect,  has  made  them  a  distinct  variety  of  the  human 
species.  Mr.  Barrow  has  noticed  the  same  singularity;  but  Dr. 
GooB  thinks  it  doubtful,  whether,  like  the  want  of  beard  amongst 
the  American  savages,  the  destitution  may  not  be  owing  to  a  bar- 
barous custom  of  extirpation  in  early  life.  The  deviation  is  not, 
however,  more  singular  than  the  unusual  formation  of  the  nates 
and  of  the  genital  organs  of  the  female  in  certain  people  of  these 
regions,  to  which  we  shall  have  to  refer. 

The  testicle  is  connected  with  the  abdominal  ring  by  means  of 
the  spermatic  cord,  a  fasciculus  of  about  half  an  inch  in  diameter, 
which  can  be  readily  felt  through  the  skin  of  the  scrotum.  It  is 
formed,  essentially,  of  the  vessels  and  nerves  that  pass  to  or  from 
the  testicle; — the  spermatic  artery,  spermatic  veins,  lymphatics  and 
nerves  of  the  organ,  and  the  vas  deferens,  or  excretory  duet 
These  are  bound  together  by  means  of  cellular  tissue;  and,  exter- 
nally, a  membranous  sheath  of  a  fibrous  character  envelopes  the 
cord,  and  keeps  it  distinct  from  the  surrounding  parts,  and  espe- 
cially from  the  scrotum.  When  the  cord  has  passed  through  the 
abdominal  ring,  its  various  elements  are  no  longer  held  together, 
but  each  passes  to  its  particular  destination. 

^  **  Ces  organei  panussant  tirer  du  bain  chaud  oil  ils  se  troavent  plong^s  plas 
d'aptitude  i  la  s^r^tion  que  loraqu'ils  sont  descendus  au  dehors  daos  leurs  en^ 
veloppea  ordinaires''  !*«-2W^  de  M^decine  legale^  1. 1,  p.  370. 
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The  scrotum  or  purse  is  a  continuation  of  the  skin,  of  the 
Inner  side  of  the  thighs,  the  perineum,  and  the  penis.  It  is  sym- 
metrical, the  two  halves  being  separated  by  a  median  line  or  raphe. 
The  skin  is  of  a  darker  colour  here  than  elsewhere;  is  rugous, 
studded  with  follicles,  and  sparingly  furnished  with  hair.  This 
may  be  considered  its  outermost  coat  Beneath  this  is  the  dartos, 
— a  reddish,  cellular  membrane,  which  forms  a  distinct  sac  for 
each  testicle,  and  a  septum— the  septum  scroti — between  them. 

Much  discussion  has  taken  place  regarding  the  nature  of  this  en- 
velope; some  supposing  it  to  be  muscular,  others  cellular.  Bres- 
CHBT  and  LoBSTEiN  affirm,  that  it  does  not  exist  in  the  scrotum 
before  the  descent  of  the  testes,  and  they  consider  it  to  be  formed 
by  the  expansion  of  the  gubernaculum  testis.  Meckel,  however, 
^suggests,  that  it  constitutes  the  transition  between  the  cellular  and 
muscular  tissues,  and  that  there  exists  between  it  and  other  mus- 
cles the  same  relation  that  there  is  between  the  muscles  of  the  su- 
perior and  inferior  animals.  It  consists  of  long  fibres  considerably 
matted  together,  and  passing  in  every  direction,  but  which  are 
easily  separable  by  distention  with  air  or  water,  and  by  slight  ma- 
ceration. 

The  generality  of  anatomists  conceive  it  to  be  of  a  cellular  cha- 
racter, yet  it  is  manifestly  contractile,  corrugates  the  scrotum, 
and  probably  consists  of  muscular  tissue  also.  Dr.  Horkxr,  in- 
deed, affirms  that  he  dissected  a  subject  in  January,  1830,  in  which 
the  fibres  were  evidently  muscular,  although  interwoven. 

Beneath  the  dartos  a  third  coat  exists,  which  is  manifestly  mus- 
cular:— it  is  called  the  eremaster  or  tunica  erythrdides.  It  arises 
from  the  lesser  oblique  muscle  of  the  abdomen,  passes  through  the 
abdominal  ring,  aids  in  the  formation  of  the  spermatic  cord,  and 
terminates  insensibly  on  the  inner  surface  of  the  scrotum.  It  draws 
the  testicle  upwards. 

The  cellular  substance,  that  connects  the  dartos  and  eremaster 
with  the  tunica  vaginalis,  has  been  considered  by  some  as  an  ad- 
ditional coat,  and  termed  tunica  vaginalis  communis. 

The  tunica  vaginalis  or  tunica  elytroHdes  is  a  true  serous 
membrane,  enveloping  the  testicle  and  lining  the  scrotum;  having, 
consequently,  a  scrotal  and  a  testicular  portion.  We  shall  see, 
hereafter,  that  it  is  a  dependence  of  the  peritoneum,  pushed  down 
by  the  testicle  in  its  descent,  and  afterwards  becoming  separated 
from  any  direct  communication  with  the  abdomen. 

The  tww  deferens  or  excretory  duct  of  the  testicle  commences 
at  the  globus  minor  of  the  epididymis,  (C,  Fig.  127,)  which  is  itself, 
we  have  seen,  formed  of  a  convoluted  tube.  This,  when  unfolded, 
according  to  Monro,  measures  as  much  as  thirty-two  feet.  As 
soon  as  the  vas  deferens  quits  the  testicle,  it  joins  the  spermatic 
cord,  passes  upwards  to  the  abdominal  ring,  separates  from  the 
blood-vessels  on  entering  the  abdomen,  and  descends  downwards 
and  inwards  to  the  posterior  and  inferior  part  of  the  bladder,  pass*- 
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ing  between  the  beta-fond  of  the  latter  and  the  ureter.  It  then 
converges  towards  its  fellow  along  the  under  extremity  of  the 
bladder,  at  the  inner  mai^in  of  the  vesicula  seminalis  of  the  same 
side,  and  ultimately  opens  into  the  urethra  near  the  neck  of  the 
bladder.  (Fig.  IS4.)  At  the  base  of  the  prostate  it  receives  a  ca- 
nal from  the  vesicuU,  and  continues  its  course  to  the  urethra  un- 
der the  name  of  g'aculatory  duct. 

The  vas  deferens  has  two  coats,  the  outermost  of  which  is  very 
firm  and  almost  cartilaginous;  but  its  structure  is  not  manifest 
The  inner  coat  is  thin,  and  belongs  to  the  class  of  mucous  mem- 
branes. 

The  vesiculse  seminaies,  £,  Fig.  124,  are  considered  to  be  two 
convoluted  tubes, — one  on  each  side, — which  are  two  inches  or 
two  inches  and  a  half  long,  and  six  or  seven  lines  broad  at  the  fun- 
dus, are  situated  on  the  lower,  fundus  of  the  bladder,  between  it 
and  the  rectum  and  behind  the  prostate  gland.  At  their  anterior 
extremities  they  approach  each  other 
very  closely,  being  separated  only  Fig.  126. 

by  the  vasa  deferentia.  When  in- 
flated and  dried,  they  present  the 
appearance  of  cells;  but  are  gene- 
rally conceived  to  be  tubes,  which, 
being  convoluted,  are  broughtwith- 
in  the  compass  of  the  vesiculse. 
When  dissected  and  stretched  out, 
they  are  four  or  five  inches  long  by 
about  one-fourth  of  an  inch  in  dia- 
meter. Amtjssat,  however,  denies 
this  arranEement  of  the  vesiculse; 
«nd  he  affirms,  that  he  has  disco-   „„_.     ,     ,^        _„^     _. 

,  ,,  ,       .        I.  If  V.  SeeBooorTodeftifm.— a.  S»elioD  rf«- 

vered  them  to  be  lormed  of  a  mi-^ciii>KmiiidM.-E.sectiiiDi)r^uiiiu«TdiM>. 
Dute  canal  of  considerable  length,  variously  convoluted,  the  folds 
of  which  are  united  to  each  other  by  cellular  filaments,  like  those 
of  the  spermatic  vessels. 

At  the  anterior  part,  termed  the  ntck,  a  short  canal  passes  off, 
ivhich  unites  at  an  acute  angle  with  the  vas  deferens,  to  form  the 
ductus  ejaeulatorius. 

The  vesiculse  are  formed  of  two  membranes ;  the  more  ezteroal 
like  that  of  the  vas  deferens,  and  capable  of  contracting  in  the  act 
of  ejaculation;  and  an  internal  lining,  of  a  white,  delicate  charae- 
ter,  a  little  like  that  which  lines  the  interior  of  the  gall-bladder, 
and  supposed  to  be  mucous.  Although  the  vesiculse  are  manifestly 
contractile,  i^o  muscular  fibres  have  been  detected  in  them.  They 
are  found  filled,  in  the  dead  body,  with  an  opaque,  thick,  yellow- 
ish fluid,  very  different,  in  appearance,  from  the  sperm  ejaculated 
during  life. 

The  prostate  gland.  Fig.  1S4,  D,  is  an  organ  of  a  very  dense 
tissue,  embracing  the  oeck  of  the  bladder,  and  penetrated  by  the 
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urethra^  which  traverses  it  much  nearer  its  upper  than  its  lower 
surface.  The  base  is  directed  backwards,  the  point  forwards, 
and  its  inferior  surface  rests  upon  the  rectum,  so  that,  by  passing 
the  finger  into  the  rectum,  enlargements  of  the  organ  may  be  de- 
tected. 

The  prostate  was  once  universally  esteemed  glandular,  and  it  is 
still  so  termed.  It  is,  now,  generally  and  correctly  regarded, 
as  an  agglomeration  of  several  small  follicles,  filled  by  a  viscid, 
whitish  fluid.  These  follicles  have  numerous  minute  excretory 
ducts,  which  open  on  each  side  of  the  caput  gallinaginis. 

The.  glands  of  Cowper^re  two  small,  oblong  bodies;  of  the 
size  of  a  pea;  of  a  reddish  colour,  and  of  a  somewhat  firm  tissue. 
They  are  situated  anterior  to  the  prostate,  parallel  to  each  other, 
and  at  the  sides  of  the  urethi;^.  Each  has  an  excretory  duct,  which 
creeps  obliquely  in  the  spongy  tissue  of  the  bulb,  and  opens  before 
the  verumontanum. 

The  male  organ  or  penis  consists  of  the  corpus  cavemosufn 
and  corpus  spongiosum;  parts  essentially  formed  of  an  erectile 
tissue,  and  surrounded  by  a  very  firm  elastic  covering,  which  pre- 
vents over-distention,  and  gives  form  to  the  organ. 

The  corpora  cavernosa  constitute  the  great  body  of  the  penis. 
They  are  two  tubes  which  are  united  and  separated  by  an  imper- 
fect partition.  Within  them  a  kiod  of  cellular  tissue  exists, 
into  which  blood  is  poured,  so  as  to  cause  erection.  The  posterior 
extremities  of  these  cavernous  tubes  are  called  crura  penis.  These 
separate  in  the  perineum,  each  taking  hold  of  a  ramus  of  the  pubis; 
and,  at  the  other  extremity,  the  cavernous  bodies  terminate  in 
rounded  points  under  the  glans  penis.  The  anatomical  elements 
of  the  internal  tissue  of  the  corpora  cavernosa,  are, — the  ramifica- 
tions of  the  cavernous  artery^  which  proceeds  from  the  internal 
pudic;  those  of  a  vein  bearing  the  same  name;  and,  probably, 
nerves,  although  they  have  not  been  traced  so  far.  All  these  ele- 
ments are  supported  by  filamentous  prolongations  from  the  outer 
dense  envelope.  A  difference  of  opinion  prevails  amongst  anato- 
mists, with  regard  to  the  precise  arrangement  of  these  prolonga- 
tions. Some  consider  them  to  form  cells,  or  a  kind  of  spongy 
structure,  on  the  plates  of  which  the  ramifications  of  the  cavernous 
artery  and  vein  and  of  the  nerves  terminate,  and  into  which  the 
blood  is  extravasated. 

Others  conceive,  that  the  internal  arrangement  consists  of  a 
plexus  of  minute  arteries  and  veins,  supported  by  the  plates  of  the 
outer  membrane,  interlacing  like  the  capillary  vessels,  but  with 
this  addition,  that,  in  place  of  the  minute  veins  becoming  capillary 
in  the  plexus,  they  are  of  greater  size,  forming  very  extensible  dila- 
tations and  net-works,  and  anastomosing  freely  with  each  other.  If 
the  cavernous  artery  be  injected,  the  matter  first  fills  the  ramifica- 
tions of  the  artery,  then  the  venous  plexus  of  the  cavernous  bodies, 
and  it  ultimately  returns  by  the  cavernous  vein,  having  produced 
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erection.   The  same  effect  is  caused  still  more  readily  by  injecting 
the  cavernous  vein. 

Attached  to  the  corpora  cavernosa  of  the  penis,  and  running  in 
the  groove  beneath  them,  is  a  spongy 
body,  of  a  similar  structure, — the  cor-  ■*%■  ^'*^- 

pus  spongiosum  urethras, — through 
which  the  urethra  passes.  It  commences, 
posteriorly,  at  the  bulb  of  the  urethra, 
already  described  under  the  Secretion 
O/'f/nne,  and  terminates,  anteriorly,  in 
the  gians,  which  is,  in  no  wise,  a  de- 
pendency of  the  corpora  cavernosa,  but 
is  separated  from  them  by  a  portion  of  '■ 
their  outer  membrane;  so  that  erection 
may  take  place  in  one  and  not  simulta* 
neously  in  the  other;  and  injections  into 
the  corpora  cavernosa  of  the  one  do  not 
pass  into  those  of  the  other.  The  glans 

appears  to  be  the  final  expansion  of  the  a-  EHmuinieiiibniwiaibeuiioraK 
erectile  tissue  which  surrounds  the  ure-  pui'lpoigbinim  to^^""^ 
tbra.  The  posterior  circular  margin  of  the  glans  is  called  the 
corona  glandis,  and  behind  this  is  a  depression  called  the  cervix, 
eollum  or  neck-  Several  follicles  exist  here,  called  the  glanduUe 
odoriferse  Tyaoni,  which  secrete  an  unctuous  humour,  called  the 
tmegma  prxputii,  which  often  accumulates  largely,  where  clean- 
liness is  not  attended  to. 

The  penis  is  covered  by  the  skin,  which  forms,  towards  the 
glans,  the  prepuce  or  foreskin.  The  cellular  tissue  that  unites  it 
to  the  organ  is  lax,  and  never  contains  fat.  The  inner  lamina  of 
the  prepuce  being  inserted  circularly  into  the  penis,  some  distance 
back  from  the  point,  the  glans  can  generally  be  denuded,  when  the 
prepuce  is  drawn  back.  The  under  and  middle  part  of  the  prepuce 
IS  attached  to  the  extremity  of  the  glans  by  a  duplicature,  called 
ihe/rxnum  prieputii,vih\ah  extends  to  the  orifice  of  the  urethra. 

The  skin  is  continued  over  the  glans,  but  it  is  greatly  modified 
in  its  structure,  being  smooth  and  velvety,  highly  delicate,  sensi- 
ble, and  vascular.  • 

Lastly.- — In  addition  to  the  acceleratores  urine,  the  transversus 
perinei,  the  sphincter  ani,  and  the  levator  ani  muscles,  which  we 
have  described  as  equally  concerned  in  the  excretion  of  urine  and 
semen,  the  erector  penis  or  ischio- cavernosas  muscle  is  largely 
connected  with  the  function  of  generation. 

The  genital  organs  of  man  are,  in  reality,  merely.an  apparatus 
for  ft  glandular  secretion,  of  which  the  testicle  is  the  gland ;  the 
vesiculae  seminales  are  supposed  to  be  the  reservoir;  and  the  vsa 
deferens  and  urethra  the  excretory  ducts;— the  arrangement  which 
we  observe  in  the  penis  being  for  the  purpose  of  conveying  the 
secreted  fluid  into  the  parts  of  the  female. 

Vol,  II.  34 
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The  sperm  or  semen  is  secreted  by  the  testicles  from  the  blood 
of  the  spermatic  artery,  by  a  mechanism,  which  is  no  more  under- 
stood than  that  of  secretion  in  general.  When  formed  it  is  re- 
ceived into  the  tubuli  seminiferi,  and  passes  along  them  to  the 
epididymis,  the  vas  deferens,  and  the  vesiculae  seminales,  where  it 
is  generally  conceived  to  be  deposited,  until  it  is  projected  into  the 
urethra,  under  the  venereal  excitement.  That  this  is  its  course  is 
sufficiently  evidenced  by  the  arrangement  of  tbe  excretory  ducts, 
and  by  the  function  which  the  sperm  has  to  fulfil.  De  Graaf, 
however,  adduces  an  additional  proof.  On  tying  the  vas  deferens  of 
a  dog,  the  testicle  became  swollen,  and  ultimately  the  vas  deferens 
gave  way  between  the  testicle  and  the  ligature. 

The  causes  of  the  progression  of  the  sperm  through  the  ducts 
are,  the  continuity  of  the  secretion  by  the  testicle,  and  a  contrac- 
tion of  the  excretory  ducts  themselves.  These  are  the  efficient 
agents. 

It  has  been  a  question  with  physiologists,  whether  the  secretion 
of  the  sperm  is  constantly  taking  place,  or  whether,  as  the  func- 
tion of  generation  is  accomplisbed  at  uncertain  intervals,  the  secre- 
tion may  not  likewise  be  intermittent  It  is  impossible  to  arrive 
at  any  positive  conclusion  on  this  point.  It  would  seem,  however, 
unnecessary  for  the  secretion  to  be  operated  at  all  times ;  and  it  is 
more  probable,  that  when  the  vesiculse  seminales  are  emptied  of 
their  contents,  during  coition,  a  stimulus  is  given  to  the  testes 
by  the  excitement,  and  -they  are  soon  replenished.  This,  how- 
ever, is  more  and  more  difficult  in  proportion  ta  the  number  of  re- 
petitions of  the  venereal  act,  the  excretory  ducts  becoming  more  and 
more  emptied,  whilst  the  secretion  takes  place  at  best  but  slowly. 

By  some,  the  spermatic  and  pampiniform  plexuses  have  been 
regarded  as  diverticula  to  the  testes  during  this  intermission  of 
action. 

The  sperm  passes  slowly  along  the  excretory  ducts  of  the  testi- 
cle, owing  partly  to  the  slowness  of  the  secretion,,  and  partly  to  the 
arrangement  of  the  ducts,  which,  as  we  have  seen,  are  remarkably 
convoluted,  long,  and  minute. 

The  use  of  the  vesiculs  seminales  has  been  disputed.  The  ma- 
jority of  physiologists  regard  them  to  be  reservoirs  for  the  sperm, 
and  to  serve  the  same  purpose  as  the  gall-bladder  in  the  case  of  the 
bile.  Others,  however,  have  supposed,  that  they  secrete  a  fluid  of  a 
peculiarnature,  the  use  of  which  may  probably  be  to  dilute  the  sperm. 
They  are  manifestly  not  essential  to  the  function,  as  they  do  not 
exist  in  all  animals.  The  dog  and  cat  kind,  the  bears,  opossums, 
sea-otter,  seals,  &c.,  possess  them  not;  and  there  are  several  in 
which  there  is  no  direct  communication  between  the  duct  and  the 
vas  deferens,  which  open  separately  into  the  urethra.  This  cir- 
cumstance, however,  with  the  fact,  that  they  generally  contain, 
after  death,  a  fluid  of  difierent  appearance  and  properties  from  those 
of  the  sperm,  with  the  glandular  structure  which  their  coats  aeem 
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to  possess  in  many  instances,  is  opposed  to  the  views  that  they  are 
simple  reservoirs  for  the  semen,  and  favours  that  which  ascribes  to 
them  a  peculiar  secretion.  Wher^  this  communication  between  the 
duct  of  the  vesicles  and  the  vas  deferens  does  exist,  a  reflux  of  the 
semen  may  take  place,  and  an  admixture  between  the  sperm  and 
the  fluid  secreted  by  them.  It  is  not  improbable,  however,  as 
Adelon  suggests,  that  all  the  excretory  ducts  of  the  testicle  may 
act  as  a  reservoir;  and  in  the  case  of  animals,  in  which  the  vesi- 
eulsB  are  wanting,,  they  must  possess  this  office  exclusively.  If 
we  are  to  adopt  the  description  of  Amussat  as  an  anatomical  fact, 
the  vesicular  themselves  are  constituted  of  a  convbluted  tube,  hav- 
ing an  arrangement  somewhat  resembling  that  which  prevails  in 
the  excretory  ducts  of  the  testis. 

But  how,  it  has  been  asked,  does  it  happen,  that  the  sperm,  in 
its  progress  along  the  vas  deferens,  does  not  pass  directly  on  into 
the  urethra  by  the  ejaculatory  duct,  instead  of  reflowing  into  the 
spermatic  vesicles?  This,  it  has  been  imagined,  is  owing  to  the  ex- 
istence of  an  arrangement  at  the  opening  of  the  ejaculatory  duct 
into  the  urethra  similar  to  that  wtmh  prevails  at  the  termination  of 
the  choledoch  duct  in  the  duodepum. 

It  is  affirmed,  by  some,  that  the  prostate  exerts  a  pressure  on  the 
ductus  ejaculatorius,  and  that  the  opening  of  the  duct  into  the 
urethra  is  smaller  than  apy  other  part  of  it ;  by  others,  that  the 
ejaculatory  ducts  are  embraced,  along  with  the  neck  of  the  bladder, 
by  the  levator  ani,  and  consequently,  that  the  sperm  finds  a  readier 
access  into  the  duot  of  the  vesiculee  seminales. 

The  sperm  is  of  a  white  colour,  and  of  a  faint  smell,  which, 
owing  to  its  peculiar  character,  has  been  termed  spermcUic*  It  is 
of  a  viscid  consistence,  of  a  saline,  irritating  taste,  and  appears  com- 
posed of  two  parts,  the  one  more  liquid  and  transparent,  and  the 
other  more  grumous.  In  a  short  time  after  emission,  these  two 
parts  unite  and  the  whole  becomes  more  fluid.  When  examined 
cby  mically,  the  sperm  appears  to  be  of  an  alkaline,  and  albuminous 
character.  Vauquelin  analyzed  it  and  found  it  to  be  composed, — 
in  1000  parts, — of  water,  900;  animal  mucilage,  60;  soda,  10;  cal- 
careous phosphate,  30.  Berzexius  affirms  that  it  contains  the 
same  salts  as  the  blood  along  with  a  peculiar  animal  matter.  No 
analysis  however,  has  been  made  of  the  sperm  as  secreted  by  the 
testicle.  The  fluid  examined  has  been  the  compound  of  the  pure 
sperm  and  the  secretions  of  the  prostate  gland  and  of  those  of  Co  w- 
PSR.  The  thicker,  whitish  portion,  is  considered  to  be  the  secre- 
tion of  the  testicles ; — the  more  liquid  and  transparent  consisting  of 
the  fluids  of  the  accessory  glands  or  follicles. 

Some  authors  have  imagined,  that  a  sort  of  halitus  or  aura  is 
given  ofi*  from  the  sperm,  which  they  have  called  the  aura  semi" 
nisy  and  have  considered  to  be  sufficient  for  fecundation.  The 
fallacy  of  this  view  will  be  exhibited  hereafter.  Others  have  dis- 
covered, by  the  microscope,  numerous  minute  bodies  in  the  sperm, 
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which  they  have  conceived  to  be  important  agents  in  generation. 
These  animalcules,  however,  have  been  denied  to  be  peculiar  to  this 
fluid,  and  have  been  regarded  as  infusory  animalcules,  similar  to 
those  met  with  in  all  animal  infusions ;  by  others,  they  have  been 
esteemed  organic  molecules  of  the  sperm;  whilst  Vibet, — a  phy- 
siologist, strangely  fantastic  in  his  speculations, — conceives,  that  as 
the  pollen  of  vegetables  is  a  collection  of  small  capsules,  containing 
within  them  the  true  fecundating  principle,  which  is  of  extreme 
subtlety,  the  pretended  spermatic  animalcules  are  tubes  containing 
the  true  sperm,  and  the  motion  we  observe  in  them  is  owing  to 
the  rupture  of  the  tubes. 

The  agency  of  the  sperm  in  fecundation  will  be  considered  here- 
after. It  may  be  observed,  however,  that  in  all  examinations  of 
it,  whether  by  the  microscope  or  otherwise,  we  must  bear  in  mind 
the  caution  to  which  we  have  adverted  more  than  once  as  applica- 
ble to  the  examination  of  animal  fluids  in  general, — ^that  we  ought 
not  to  conclude,  positively,  from  the  results  of  our  observations  of 
the  fluids  when  out  of  the  body,  that  they  possess  precisely  the 
same  characteristics  when  in  it;  and  this  remark  is  especially  ap- 
plicable to  the  sperm,  which  varies  manifestly  in  its  sensible  pro- 
perties in  a  short  time  after  it  has  been  excreted. 

The  sperm  being  the  great  vivifying  agent, — the  medium  by 
which  life  is  communicated  from  generation  to  generation, — it  has 
been  looked  upon  as  one  of  the  most  important  if  not  the  most  im- 
portant of  animal  fluids ;  and  hence  it  is  regarded,  by  some  physi- 
ologists, as  formed  of  the  most  animalized  materials,  or  of  those 
that  constitute  the  most  elevated  part  of  the  new  being — ^the  ner- 
vous system. 

The  quantity  of  sperm  secreted  cannot  be  estimated.  It  varies 
according  to  the  individual,  and  to  his  extent  of  voluptuous  excite- 
ment, as  well  as  to  the  degree  of  previous  indulgence  in  venereal 
pleasures.  Where  the  demand  is  frequent,  the  supply  is  larger; 
although,  when  the  act  is  repeatedly  performed,  the  absolute  quan- 
tity at  each  copulation  may  be  less. 

2.  Oenital  Organs  of  the  Female. 

The  genital  organs  of  the  male  efiect  fewer  functions  than  those 
of  the  female.  They  are  inservient  to  copulation  and  fecundation 
only.  Those  of  the  female,  in  addition  to  parts  which  fulfil  these 
offices,  comprise  others  for  gestation,  and  lactation. 

The  soft  and  prominent  covering  to  the  symphysis  pubis — which 
is  formed  by  the  common  integuments,  elevated  by  fat,  and,  at  the 
age  of  puberty,  covered  by  hair, — ^is  called  the  mons  veneris.  Be- 
low this,  are  the  labia  pudendi  or  labia  tnajoraj  which  are  two 
large  soft  lips,  formed  by  a  duplicature  of  the  common  integuments, 
with  adipous  matter  interposed.  The  inner  surface  is  smooth,  and 
studded  with  sebaceous  folHcIes.  The  labia  commence  at  the  sym' 
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phjBiB  pubis,  and  descend  to  the  perineum^  which  is  the  portion  of 
integument,  about  an  inch  and  a  half  in  length,  between  the  pos- 
terior commissure  of  the  labia  and  the  anus*  This  commissure  is 
called  the  Jrasnum  labiorum  or  fourchette.  The  opening  be- 
tween the  labia  is  the  vulva. 

At  the  upper  junction  of  the  labia,  and  within  them,  a  small  organ 
exists,  called  the  clitoris^  which  greatly  resembles  the  penis.  It 
is  formed  of  corpora  cavernosa,  and  is  terminated,  anteriorly,  by 
the  glanSy  which  is  covered  by  a  prepuce,  consisting  of  a  prolonga- 
tion of  the  mucous  membrane  of  the  vagina.  Unlike  the  penis, 
however,  it  has  no  corpus  spongiosum,  or  urethra  attached  to  it ; 
but  is  capable  of  being  made  erect  by  a  mechanism  similar  to 
that  which  applies  to  the  penis,  and  has  two  erector  muscles — the 
ereciores  clitoridiSy — similar  to  the  erectores  penis. 

From  the  prepuce  of  the  clitoris,  and  within  the  labia  majora,  are 
the  labia  minora  or  nymphse,  the  organization  of  which  is  simi- 
lar to  that  of  the  labia  majora.  They  gradually  enlarge  as  they 
pass  downwards,  and  disappear  when  they  reach  the  orifice  of  the 
vagina. 

A  singular  variety  is  observed  in  the  organization  of  those  parts 
amongst  the  Bosjesmen  or  Bushmen,  the  tribe  to  whose  peculiari- 
ties of  organization  we  have  already  had  occasion  to  refer.  Dis- 
cordance has,  however,  prevailed  regarding  the  precise  nature  of 
this  peculiarity,  some  describing  it  as  existing  in  the  labia,  others 
in  the  nymphse,  and  others,  again,  in  a  peculiar  organization;  some 
deeming  it  natural,  others  artificial.  Dr.  Somerville,  who  had 
numerous  opportunities  for  observation  and  dissection,  asserts,  that 
the  mons  veneris  is  less  prominent  than  in  the  European,  and  is 
either  destitute  of  hair,  or  thinly  covered  by  a  small  quantity  of  a 
soft,  woolly  nature ;  that  the  labia  are  very  small,  so  that  they  seem 
at  times  to  be  almost  wanting;  that  the  loose,  pendulous,  and  ru- 
gous growth,  which  hangs  from  the  pudendum,  is  a  double  fold; 
and  that  it  is  proved  to  be  the  4iymphae,  by  the  situation  of  the  cli- 
toris at  the  commissure  of  the  folds,  as  well  as  by  all  other  circum- 
stances ;  and  that  they  sometimes  reach  five  inches  below  the  mar- 
gin of  the  labia;  Le  Vaillant  says  nine  inches. 

CuviER  examined  the  Hottentot  Venus,  and  found  her  to  agree 
well  with  the  account  of  Dr.  Somerville.  The  labia  were  very 
small;  and  a  single  prominence  descended  between  them  from 
the  upper  part  It  divided  into  two  lateral  portions,  which  passed 
along  the  sides  of  the  vagina  to  the  inferior  angle  of  the  labia.  The 
whole  length  was  about  four  inches.  When  she  was  examined, 
naked,  by  the  French  Savans,  this  formation  was  not  observed. 
She  kept  the  iablier,  venirale  cutaneuniy  or,  as  it  is  termed  by 
the  Germans,  s  c  h  u  r  z  e,  carefully  concealed,  either  between  her 
thighs,  or  yet  more  deeply;  and  it  was  not  known,  until  after  her 
death,  that  she  possessed  it. 
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Both  Mr.  Barbow  and  Dr.  Somektills  deny  that  the  pecu- 
liarity is  artificialJy  excited. 

In  warm  climatea,  the  nymphae  are  often  greatly  and  inconve- 
niently elongated,  and  amongst  the  Egyptians  and  other  African 
tribes,  it  has  been  the  custom  to  extirpate  them,  or  to  diminish 
their  size.  This  is  what  is  meant  hy  circumcision  in  tJie  female. 
The  vagina  is  a  canal,  which  extends  between  the  vulva  and 
the  uterus,  the  neck  of  which  it  embraces. 

It  is  sometimes  called  the  vulvo-uterine  canal,  and  is  from  four 

to  six  inches  long,  and  an  inch  and  a  half,  or  two  inches  in  diameter. 

It  is  situated  in  the  pelcis,  between  the  bladder  before,  and  the 

rectum  behind ;   is 

Fig.  130.  slightly       curved, 

,      with  the  concavity 

.  forwards,    and     is 

narrower     at     the 

middle  than  at  the 

extremities.         Its 

inner    surface    has 

nu  merous— ch  iefly 

tra  n  averse ru  g(e, 

which  become  less 
in  the  progress  of 
age,  after  repeated 
acts  of  copulation, 
and  especially  after 
accouchement 
The    vagina    is 

A.  Sntinii  oT  a  puliiL— B.  Section  of  quiM  anil  iiErua.— C.  UrinuT  COmpOSed  of  SD  lU- 

VtnUm,  isadBitElT  dinnid«L  uhI  ciiing  behind  the  pnhii — D.  The  , i  „..„..,._,.„ 

WHlum^-E.  TtisdlFnii.-G.Tht  iiginSi,embnuDS  Oie  neck  of  Internal  mUCOIISmem- 

tmis>io>>i>e-ii»'ip«tl«<inrin<oiC  brane.supplied  with 

numerous  mucous  follicles,  of  a  dense  cellular  membrane,  and  be- 
tween these  a  layer  of  erectile  tissue,  which  is  thicker  near  the 
vulva,  but  is,  by  some,  said  to  extend  even  as  far  as  the  uterus.  It 
» termed  the  corpus  spongiosum  vaginse.  It  is  chiefly  situated 
around  the  anterior  extremity  of  the  vagina,  below  the  clitoris,  and 
at  the  base  of  the  nymphie:  the  veins  of  which  it  is  constituted  are 
called  plexus  rei^ormis.  The  upper  portion  of  the  vagina,  to  a 
small  extent,  is  covered  by  the  peritoneum. 

The  sphincter  or  constrictor  vaginse  muscle  surrounds  the 
orifice  of  the  vagina,  and  covers  the  plexus  reteformis.  It  is  about 
an  inch  and  a  quarter  wide;  arises  from  the  body  of  the  clitoris^ 
and  passes  backwards  and  downwards,  to  be  inserted  into  the 
dense,  white  substance  in  the  centre  of  the  perineum,  which  is 
common  to  the  transversi  perinei  muscles,  and  the  anterior  point 
of  the  sphincter  ani. 

Near  the  external  aperture  of  the  vagina,  is  the  hymen,  or  vir- 
ginal, or  vaginal  valve,  which  is  a  more  or  less  extensive,  mem- 
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brtnoui  duplieature,  of  variable  shape,  and  formed  by  the  mucooa 
tnetnbnine  of  the  vulva  where  it  enters  the  vagina,  so  that  it  closes 
the  canal,  more  or  less  complelely.  It  is  generally  very  thin,  and 
easily  lacerable;  but  is  sometimes  extremely  firm,  and  preveots 
penetration.  It  is  usually  of  a  semilunar  shape,  but  ia  sometime* 
oval  from  right  to  left,  or  almost  circular,  with  an  aperture  io  the 
middle,  whilst,  occasionally,  it  is  entirely  imperforate,  and  of 
course  prevents  the  issue  of  the  menstrual  flux.  It  is  easily  de- 
stroyed by  mechanical  violence  of  any  kind,  as  by  strongly  rubbing 
the  sexual  organs  of  infants  by  coarse  cloths,  and  by  ulcerations  of 
the  part;  hence  its  absence  is  not  an  absolute  proof  of  the  loss  of 
Tirginity,  as  it  was  of  old  regar4ed  hythe  Hebrews.  Nor  is  its 
presence  a  positive  evidence  of  continence.  Individuals  have 
conceived  in  whom  the  aperture  of  the  hymen  has  been  so  small 
as  to  prevent  penetration. 

Around  the  part  of  the  vagina,  where  the  hymen  was  situated, 
small,  reddish,  flattened,  or  rounded  tubercles  afterwards  exist, 
which  are  of  various  sizes,  and  arcv. formed,  according  to  the  general 
opinion,  by  the  remains  of  the^hymeo;  but  Bsclabd  considers 
them  to  be  folds  of  the  mucDus-mcmbrane.  Their  number  varies 
from  two  to  five,  or  six. 

Fig.  131. 


The  uterus  is  a  hollow  oi^n,  for  the  reception  of  the  foetus* 
and  its  retention  during  gestation.  It  is  situated  in  the  pelvis,  be- 
tween the  bladder,  which  is  before,  and  the  rectum  behmd,  and  be- 
low the  convolutions  of  the  small  intestines.  Fig.  ^0  gives  a  la- 
teral view  of  their  relative  situation,  and  Fig.  131,  of  their  posi- 
tion, when  regarded  from  before.    It  is  of  a  coDoidal  shape,  flat- 
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tened  on  the  anterior  and  posterior  suffaces;  rounded  at  the  base, 
which  is  above,  and  truncated  at  its  apex,  which  is  beneath.  It  ia 
of  small  size;  its  iength  being  only  about  two  and  a  half  inches;  its 
breadth  one  and  a  half  inch  at  the  base,and  ten  lines  at  the  neck;  its 
thickness  about  an  inch. 

It  is  divided  into  the  fundus,  body,  and  cervix  or  neck.  The 
fundus  ia  the  upper  part  of  the  organ,  which  is  above  the  insertion 
of  the  Fallopian  tubes.  The  body  is  Uie  part  between  the  insertion 
of  the  tubes  and  the  neck ;  and  Oie  neck  is  the  lowest  and  narrow- 
est portion,  which  projects  and  opens  into  the  vagina. 

Fig.  132. 


a.  FnndiBBUfi.-*.  Dodf  of  the  olfnh-c.  Mfckif  Uwiubtu^^  OiaBri.-«.  TuiM.— /,/.  Viir 
knu tuln.— (,i.  BnMdliniwiniiif(lic(ita<u^A,A.  Rmad liirimciib.-^, ft.  TlnfiiuctfeilicDU- 
liaiiCihariUii|iwiaibc.-4,*.  Onrio^l.  UguDtnudfihcavirf. 

At  each  of  the  two  superior  angles  are — the  opening  of  the  Fal- 
lopian tube,  the  attachment  of  the 
Fig.  133.  ligamentof  theovar7,and  thatof  the 

round  ligament  The  inferior  angle 
is  formed  by  the  neck,  which  projects 
into  the  vagina  to  the  distance  of  four 
or  five  lines,  and  terminates  by  a 
cleft,  situated  crosswise,  called  os 
tincm,  OS  uteri,  or  vaginal  orifiee 
of  the  uterus.  The  aperture  is 
bounded  by  two  lips,  which  are 
smooth  and  rounded  in  those  that 
have  not  had  children;  jagged  and 
nigous  in  those  who  are  mothers, — ■ 
the  anterior  lip  being  somewhat 
thicker  than  the  posterior.  It  is  from 
three  to  five  lines  long,  and  is  gene- 
rally more  or  less  open,  especially 
in  those  who  have  had  children. 
The  internal  cavity  of  the  uterus  is  very  small  in  proportion  to 
the  bulk  of  the  organ,  owing  to  the  thickness  of  the  parietes,  which 
aJmost  touch  internally.  It  is  divided  into  the  cavity  of  the  body, 
and  that  of  the  neck,  (Fig.  1 33. )    The  former  is  triangular.    The 
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tubes  open  into  its  upper  angles.    The  second  cavity  is  more  long 
than  broad;  is  broader  at  the  middle  than  at 
either  end,  and  at  the  upper  part  where  it  J'Hg.  134. 

eommuDicates  with  the  cavity  of  the  body  of 
the  uterus,  an  opening  exists,  called  the  in- 
ternal or^ee  of  the  uterus;  the  external  orifice 
being  the  os  uteri.  The  inner  surface  has 
sereral  tranSTerse  rugse,  which  are  not  very 
prominent  It  is  covered  by  very  fine  villi, 
and  the  onfices  of  sereral  mucous  follicles  are 
visible. 

The  mai^inal  figure  exhibits  the  cavity  of 
the  uterus,  as  seen  by  a  vertical  antero^ste- 
rior  section. 

The  precise  oi^nization  of  the  uterus  has 
been  a  topic  of  interesting  inquiry  amongst 
anatomists.  It  is  usually  considered  to  be 
formed  of  two  parts,  a  mucous  membrane  in- 
ternally, and  the  proper  tissue  of  the  uterus,  which  constitutes  the 
principal  part  of  the  substance. 

The  mucous  membrane  -has  been  esteemed  a  prolongation  of 
that  which  lines  the  vagina.  It  is  very  thin;  of  a  red  hue  in  the 
cavity  of  the  body  of  the  organ;  white  in  that  of  the  neck.  GhauS' 
8IXK,  Riass  and  Madame  Boivitt,  however,  deny  its  existence. 
CsAUSsixa  asserts,  that  having  macerated  the  uterus  and  a  part  of 
the  vagina  in  water,  in  vinegar,  and  in  alkaline  solutions;  and 
baring  subjected  them  to  continued  ebullition,  he  always  observed 
the  mucous  membrane  of  the  vagina  stop  atthe  edge  of  the  os  uteri; 
and  Madama  Bomir, — a  well-known  French  authoress  on  ob- 
stetrics, who  has  attended  carefully  to  the  anatomy  of  those  organs 
during  pregnancy, — says,  that  the  mucous  membrane  of  the  vagina 
terminates  by  small  expansible  folds,  and  by  a  kind  of  prepuce,  un- 
der the  anterior  lip  of  the  os  uteri.  In  their  view,  the  inner  surface 
of  the  uterus  is  formed  of  the  same  tissue  as  the  rest  of  it.  The 
proper  tissue  of  the  organ  is  dense,  compact,  not  easily  cut,  and 
somewhat  resembles  cartilage  in  colour,  resistance,  and  elasticity. 
It  is  a  whitish,  homogeneous  substance,  penetrated  by  numerous 
minute  vessels.  In  the  unimpregnated  state,  the  fibres,  which  seem 
to  enter  into  the  composition  of  the  tissue,  appear  ligamentous  and 
pass  in  every  direction,  but  so  as  to  permit  the  uterus  to  be  more 
readily  lacerated  from  the  circumference  to  the  centre  than  in  any 
other  direction.  The  precise  character  of  the  tissue  is  a  matter  of 
eontention  amongst  anatomists.  To  judge  from  the  changes  it  ex- 
periences during  gestation,  and  by  its  energetic  contraction  in  deli- 
very, it  would  seem  to  be  decidedly  muscular,  or  at  least  capable 
of  assuming  that  character;  but,  on  this  point,  we  shall  have  occa- 
■ion  to  dwdl  hereafter. 

The  uterus  has,  besides  the  usual  oi^nic  constituents,' — arte- 
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riea,  veins,  lymphatics,  and  nerves.  The  arteries  proceed  fimo 
two  sources; — from  the  spermatic,  which  are  chiefly  distributed 
to  the  fundus  of  the  organ,  and  towards  the  part  where  the  Fallo- 
pian tubes  terminate;  and  from  the  hypogastric,  which  are  sent 
especially  to  the  body  and  neck.  Their  principal  branches  are 
readily  seen  under  the  peritoneum,  which  covers  the  organ :  they  are 
very  tortuous;  frequently  anastomose,  and  their  ramilications  are 
lost  in  the  tissue  of  the  viscus,  and  on  its  inner  surface.  The  vein 
empty  themselves  parLly  in  the  spermatic,  and  partly  in  the  hypo- 
gastric. They  are  even  more  tortuous  than  the  arteries;  and,  doi^ 
ing  pregnancy,  they  dilate  and  form  what  have  been  termed  the 
uterine  sinuses.  TTie  nerves  are  derived  partly  from  the  great 
sympathetic,  and  partly  from  the  sacral  pairs. 

The  appendages  of  the  uterus  are: — 1.  The  Kgamenta  lata  m- 
broad  ligaments,  which  are  formed  by  the  peritoneum.  This 
membrane  is  reflected  over  the  anterior  and  posterior  surfaces  and 
over  the  fundus  of  the  uterua,  and  the  lateral  duplicaturea  of  It  form 
a  broad  expansion,  and  envelope  the  Fallopian  tubes  and  ovaria. 
These  expansions  are  the  broad  ligaments.  (See  Fig.  132,  g,  g,  and 
Fig.  131.)  2.  The  anterior  anA  posterior  ligamentt,  which  are 
four  in  number  and  are  formed  by  the  peritoneum.  Two  of  these 
pass  from  the  uterus  to  the  bladder, — the  anterior;  and  two  be-  - 
tween  the  rectum  and  uterus, — the  posterior,  3.  The  iigamenta 
rotunda  or  round  ligaments,  which  are  about  the  size  of  a  goose- 
quill,  arise  from  the  superior  angles  of  the  fundus  uteri,  and, 
proceeding  obliquely  downwards  and  outwards,  pass  out  through 
the  abdominal  rings  to  be  lost  in  the  cellular  tissue  of  the  groins. 
They  are  whitish,  somewhat  dense,  cords,  formed  by  a  collection 
of  tortuous  reins  and  lymphatics,  of  nerves,  and  of  longitudinal 
fibres  which  were,  at  one  time,  believed  to  be  muscular,  but  are 
DOW  generally  considered  to  consist  of  condensed  cellular  tissue. 
Meckel  thinks,  that  these  different  ligaments  contain,  between 
the  layers  composing  them,  muscular  fibres,  which  are  more  or 
leas  marked,  and  which  proceed  from  the  lateral  margin  of  the 
uterus.  4.  The  Fallopian  or  uterine  tubes;  two  conical,  tor- 
tuous canals,  four  or  five 
^g,  135.  inches  in  length;  situated 

in  the  same  broad  liga- 
ments, which  contain  the 
•  ovaries,   and   extending 
'  from  the  superior  angles 
of  the  uterus  as  far  as  the 
lateral  parts  of  the  brim 
of  the  pelvis.  (Figa.  131, 
132,  and  135.)  The  ute- 
rineextremityof  thelube 
(Figs.)33  and  135,)  is  ex- 
tremely small,  and  opens  into  the  uterus  by  an  aperture  so  minute. 
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«ii  io  scarcely  admit  a  hog's  bristle.  The  other  extremity  is  called 
the  pavilion.  It  is  trumpet^^haped,  fringed,  and  commonly  inclined 
towards  the  ovary,  to  which  it  is  attached  by  one  of  its  longest 
fimbriae.  This  fringed  portion  is  called  corpus  Jimbriatum  or 
morsus  diabolL  The  Fallopian  tubes,  consequently,  open  at  one 
end  into  the  cavity  of  the  uterus,  and  at  tiie  other  through  the  peri- 
toneum into  the  cavity  of  the  abdomen.  They  are  covered  exter- 
nally by  the  broad  ligament,  or  peritoneum;  are  lined  internally 
by  a  mucous  membrane,  which  is  soft,  villous,  and  has  many  longi- 
tudinal folds;  and  between  these  coats  is  a  thick,  dense,  whitish 
membrane,  which  is  possessed  of  contractility;  although  muscular 
fibres  cannot  be  detected  in  it  Santorini  asserts,  that  in  robust 
females  the  middle  membrane  of  the  tubes  has  two  musculu*  lay- 
ers; an  external,  the  fibres  of  which  are  longitudiaal,  and  an  in- 
temaly  whose  fibres  are  circular. 

The  ovaries y  (Figs.  132  and  136,)  are  two  ovoid  bodies,  of  a  pale 

red  colour,  ru-  ^  /V^.  136.  b. 

t^ous,  and  near-  ^ 

y  of  the  size 
of  the  testes  of 
the  male.  They 
are  situated  in 

the    cavity     of  Otut.  SeetkmoroTary. 

the  pelvis,  and  are  contained  in  the  posterior  fold  of  the  broad  liga- 
ments of  the  uterus.  At  one  time  they  were  conceived  to  be  glan- 
dular, and  were  called  the  female  testes;  but  as  soon  as  the  notion 
prevailed,  that  they  contained  ova,  the  term  ovary  or  egg-vessel 
was  given  to  them.  The  external  extremity  of  the  ovary  has  at- 
tached to  it  one  of  the  principal  fimbriflB  of  the  Fallopian  tube. 
The  inner  extremity  has  a  small  fibro-vascular  cord  inserted  into 
it:  this  passes  to  the  uterus  to  which  it  is  attached  behind  the 
insertion  of  the  Fallopian  tube,  and  a  little  lower.  It  is  caHed  the 
ligament  of  the  ovary ^  and  is  in  the  posterior  ala  of  the  broad 
ligament     It  is  solid,  and  has  no  canal. 

The  surface  of  the  ovary  has  many  round  prominences,  and  the 
peritoneum  envelopes  the  whole  of  it,  except  at  the  part  where  the 
ovary  adheres  to  the  broad  ligament  The  precise  nature  of  its 
parenchyma  is  not  determined.  When  tcMrn  or  divided  longitu- 
dinally, as  in  Fig.  136,  d,  it  appears  to  be  constituted  of  a  cellulo- 
vascular  tissue.  In  this,  there  are  from  fifteen  to  twenty  spheri- 
cal Yeslcles^-'Ovula  Graafiana — ^varyinc  in  size  from  half  a  line 
to  three  lines  in  diameter.  These  are  filled  with  an  albuminous 
fluid,  which  is  colourless  or  yellowish,  and  may  be  readily  seen  by 
dividing  the  vesicles  carefully  with  the  point  of  a  pafr  of  fine 
scissors. 

The  arteries  and  veins  of  the  ovaries  belong  to  the  spermatics. 
Their  nerves,  which  are  extremely  delicate,  are  from  the  renal  plex- 
uses; and  thefar  lymphatics  communicate  with  those  of  the  kidneys. 
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Such  is  the  anatomy  of  the  chief  organs,  concerned  in  the  func- 
tion of  generation.  Those  of  lactation  we  shall  describe  hereafter. 

It  is  obvious,  that  the  sexual  characteristics  in  man  are  widely 
separate;  and  the  two  sexes  are  never  perhaps,  united  in  the  same 
individual.  Yet  such  an  unnatural  union  has  been  supposed  to 
exist;  from  the  fabulous  son  of  'it^fcm  and  A^^^hrn^ — Mercurt  and 
Venus, — ^to  his  less  dignified  representatives  of  modern  times: — 

**Nec  fcemina  dici, 
Ncc  puer  ut  possent,  neutrumque  ct  utramque  videntur."— Ovid.* 

We  have  already  remarked,  that  in  the  lower  animals  and  in 
plants  such  hermaphrodism  is  common;  but  in  the  upper  classes, 
and  especially  in  man,  a  formation,  which  gives  to  an  individual  the 
attributes  of  both  sexes,  has  never,  perhaps,  been  witnessed.  Mon- 
strous formations  are  occasionally  met  with;  but,  if  careful  examina- 
tion be  made,  it  can  usually  be  determined  to  what  sex  the  being  be- 
longs. The  generality  of  cases  are  produced  by  unusual  develop- 
ment of  the  clitoris  in  the  female,  or  by  a  cleft  scrotum  in  the  male. 
Only  two  instances  of  the  kind  have  fallen  under  the  observation 
of  the  author,  one  of  which  has  been  described  by  the  late  Profes- 
sor Beclard  of  Paris,  whose  details  we  borrow. 

Marie-Madeleine  Lefort,  aged  sixteen  years,  seemed  to 
belong  to  the  male  sex,  if  attention  were  paid  merely  to  the  pro- 
portions of  the  trunk,  limbs,  shoulders,  and  pelvis;  to  the  confor- 
mation and  dimensions  of  the  pelvis;  to  the  size  of  the  larynx;  the 
tone  of  the  voice,  the  development  of  the  hair;  and  to  the  form  of 
the  urethra,  which  extended  beyond  the  symphysis  pubis.  An 
attentive  examination,  however,  of  the  geidtal  organs  showed,  that 
she  belonged  to  the  female  sex.  The  mons  veneris  was  round  and 
covered  with  hair.  Below  the  symphysis  pubis  was  a  clitoris,  re- 
sembling the  penis  in  shape,  twenty-seven  millimetres,  or  about  an 
inch  long  in  the  state  of  flaccidity;  and  susceptible  of  slight  elon- 
gation during  erection;  having  an  imperforate  glans,  hollowed  be- 
neath by  a  duct  or  channel,  at  the  inferior  part  of  which  were  five 
small  holes,  situated  regularly  on  the  median  line. 

Beneath  and  behind  the  clitoris  a  vulva  existed,  with  two  nar- 
row, short  and  thin  labia,  furnished  with  hair,  devoid  of  any  thing 
like  testicles,  and  extending  to  within  ten  lines  of  the  anus.  Be- 
tween the  labia  was  a  very  superficial  cleft,  pressure  upon  which 
communicated  a  vague  sensation  of  a  void  space  in  front  of  the 
anus.  At  the  root  of  the  clitoris  was  a  round  aperture,  through 
which  a  catheter  could  not  be  passed  into  the  bladder.  It  could 
be  readily  directed,  however,  towards  the  anus,  in  a  direction  pa- 
rallel to  the  perineum. 

*  **  Both  bodies  in  a  nngle  body  miz, 

A  single  body  witb  »  double  sex,*'— ABUXtot. 
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When  the  catheter  was  passed  a  little  backwards  and  upwards  to 
the  depth  of  eight  or  ten  centimetres  it  was  arrested  by  a  sensible 
obstacle,  but  no  urine  flowed  through  it.  It  seemed  to  be  in  the 
vagina.  At  the  part  where  the  vagina  stopped^  a  substance  could 
be  distinguished  through  the  parietesof  the  rectum,  which  appeared 
to  be  the  body  of  the  uterus.  No  where  could  testicles  be  dis- 
covered. She  had  menstruated  from  the  age  of  eight  years ;  the 
Uood  issuing  in  a  half  coagulated  state  through  the  aperture  at  the 
root  of  the  clitoris.  She  experienced,  too,  manifest  inclination 
for  commerce  with  the  male,  and  a  slight  operation  only  would 
probably  have  been  necessary  to  divide  the  apron,  closing  the  vul- 
va from  the  clitoris  to  the  posterior  commissure  of  the  labia.  The 
urethra  extended  in  this  case  for  some  distance  beneath  the  cli- 
toris, as  in  the  penis,  which  is  unusual.  From  all  the  circum- 
stances M.  Beclakd  concluded,  that  the  person,  subjected  to  the 
examination  of  the  SociiU  de  Midecine  of  Paris,  was  a  female;  and 
that  she  possessed  several  of  the  essential  organs  of  the  female; — 
the  uterus,  and  vagina — whilst  she  had  only  the  secondary  charac- 
ters of  the  male; — as  the  proportions  of  the  trunk  and  limbs;  that 
of  the  shoulders  and  pelvis;  the  conformation  and  dimensions  of  the 
pelvis;  the  size  of  the  larynx;  the  tone  of  the  voice;  the  develop- 
ment of  the  hair;  the  urethra  extending  beyond  the  symphysis 
pubis,  &c. 

In  the  year  1818,  an  individual  was  exhibited  in  London,  who 
had  a  singular  union  of  the  apparent  characteristics  of  the  two  sexes. 
The  countenance  resembled  that  of  the  male,  and  she  had  a  beard, 
but  it  was  scanty.  The  shape,  however,  of  the  body  and  limbs 
was  that  of  the  female.  The  students  of  the  Anatomical  Theatre  of 
Great  Blenheim  street,  London,  of  whom  the  author  was  one,  of- 
fered her  a  certain  sum,  provided  she  would  permit  the  sexual  or- 
gans to  be  inspectedby  the  veteran  head  of  theschool — Mr.  Bbookes: 
to  this  she  consented. 

She  was,  accordingly,  exposed  before  the  class;  and  her  most 
striking  peculiarities  exhibited.  The  clitoris  was  large,  but  not 
perforate.  Mr.  Brookss,  desirous  of  trying  the  experimentum 
cruciSf  passed  one  catheter  into  the  vagina,  and  attempted  to 
introduce  another  into  the  urethra;  but  fearing  discovery,  and 
finding  that  the  mystery  of  her  condition  was  on  the  point  of  being 
unveiled,  she  started  up  and  defeated  the  experiment  No  doubt 
existed  in  the  mind  of  Mr.  Brookes,  that  there  were  two  distinct 
canals^— one  forming  the  vagina;  the  other  the  urethra, — and  that 
she  was  consequently  female. 

One  of  the  most  complete  cases  of  admixture  of  the  sexes  is  con- 
tained in  the  recent  journals,  the  particulars  of  which  were  present- 
ed by  RuDOLPHi  to  the  Academy  of  Sciences  of  Berlin.  It  was 
met  with  in  the  body  of  a  child,  which  died,  it  was  said,  seven  days 
after  birth,  but  the  development  of  parts  led  to  the  supposition, 
that  it  was  three  months  old.    The  penis  was  divided  inferiorly; 
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the  right  side  of  the  scrotum  contained  a  testicle;  the  left  side  wa0 
small  and  empty.  There  was  a  uterus,  which  communicated  at  its 
superior  and  left  portion  with  a  Fallopian  tube,  behind  which  was 
an  ovary  destitute  of  its  ligament  On  the  right  side,  there  was 
neither  Fallopian  tube,  nor  ovary,  nor  ligament,  but  a  true  testicle, 
from  the  epididymis  of  which  arose  a  vas  deferens.  Below  the 
uterus  was  a  hard,  flattened,  ovoid  body,  which,  when  divided,  ex- 
hibited a  cavity  with  thick  parietes.  The  uterus  terminated  above, 
in  the  parietes  of  this  body,  but  without  penetrating  its  cavity.  At 
its  inferior  part  was  a  true  vagina,  which  terminated  in  a  cul-de- 
sac.  The  urethra  opened  into  the  bladder,  which  was  perfect; 
and  the  anus,  rectum  and  other  organs  were  naturally  formed. 
RuDOLPHi  considered  the  ovoid  body,  situated  beneath  the  uterus, 
to  be  the  prostate,  and  vesicular  seminales  in  a  rudimental  state. 

The  varieties  of  these  sexual  vagaries  are  extremely  numerous; 
and  form  occasionally  the  subject  of  medico-legal  inquiry. 

Instances  of  animsJs  being  brought  forth,  whose  organs  of  gene- 
ration are  preternaturally  formed,  sometimes  occur,  and  they  have 
been  commonly  called  hermaphrodites;  but  such  examples  have 
been  rarely  investigated. 

Monstrous  productions,  having  a  mixture  of  the  male  and  fe- 
male organs,  seem  to  arise  most  frequently  in  neat  cattle,  and  have 
been  cMqA  free-martins.  When  a  cow  brings  forth  twin  calves, 
one  a  male  and  the  other  apparently  a  female,  the  former  always 
grows  up  to  be  a  perfect  bull,  but  the  latter  appears  destitute  of  all 
sexual  functions  and  propensities,  and  never  propagates.  This  is 
the  free-martin. 

From  Mr.  Hunter's  observations  it  would  seem,  that  in  all  the 
instances  of  free-martins,  which  he  examined,  no  one  had  the  com- 
plete organs  of  the  male  and  female,  but  partly  the  one  and  partly 
the  other;  and,  in  all,  the  ovaria  and  testicles  were  too  imperfect 
to  perform  their  functions. 

In  noticing  this  phenomenon.  Sir  Ev£RARD  Home  remarks,  that 
it  may  account  for  twins  being  most  commonly  of  the  same  sex ; 
<<and  when  they  are  of  different  sexes,"  he  adds,  ^Mt  leads  us  to 
inquire  whether  the  female,  when  grown  up,  has  not  less  of  the 
true  female  character  than  othffr  women,  and  is  incapable  of  having 
children.''  "It  is  curious,"  says  Sir  Everard,  "  and  in  some  mea- 
sure to  the  purpose,  that,  in  some  countries,  nurses  and  midwives 
have  a  prejudice,  that  such  twins  seldom  breed."  The  remark  of 
Sir  Everard  is  signally  unfortunate,  and  ought  not  to  have  been 
hastily  hazarded,  seeing  that  a  slight  examination,  would  have  ex- 
hibited, that  there  is  no  analogy  between  the  free-martin  and  the 
females  in  question;  and,  more  especially,  as  the  suggestion 
accords  with  a  popular  prejudice,  highly  injurious  to  the  pros- 
pects and  painful  to  the  feelings  of  all  who  are  thus  situated. 
in  the  London  Medical  Repository^  for  September,  1823,  Mr. 
Cribb,  of  Cambridge,  England,  has  properly  observed,  that  the 
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external  characters  and  anatomical  conformation  of  the  free-martin 
are  totally  unlike  those  of  the  human  female.  In  external  appear- 
ance, the  free-martin  differs  considerably  from  the  perfectly  formed 
cow,  the  head  and  neck  in  particular,  bearing  a  striking  resem- 
blance to  those  of  the  bull.  Mr.  Cribb  has,  however,  brought 
forward  the  most  decisive  evidence  in  favpur  of  the  fallacy  of  the 
popular  prejudice,  by  the  history  of  seven  cases,  which  are  of 
themselves  sufficient  to  put  the  matter  for  ever  at  rest  Of  these 
seven  cases, — which  are  all  that  he  had  ever  known,  of  women, 
bom  under  the  circumstances  in  question,  having  been  married,— 
six  had  children. 


Before  proceeding  to  the  physiology  of  generation  there  is  one 
function,  peculiar  to  the  female,  which  will  require  consideration. 
This  consists  in  a  periodical  discharge  of  blood  from  the  vulva,  oc- 
curring from  three  to  six  days  in  every  month,  during  the  whole 
time  that  the  female  is  capable  of  conceiving,  or  from  the  period  of 
puberty  to  what  has  been  termed  the  critical  age.  This  discharge 
is  called  the  catameniay  menses^  ^fiowersy  &.c.  y  B.nd  the  process 
tnensimation.  It  seems  to  be  possessed  by  the  human  species 
alone.  F.  Cuvier,  however,  asserts  that  he  has  discovered  indica- 
tions of  it  in  the  females  of  certain  animals. 

In  some  females,  menstruation  is  established  suddenly,  and  with- 
out any  premonitory  symptoms ;  but,  in  the  greater  number,  it  is 
preceded  and  accompanied  by  some  inconvenience.  The  female 
complains  of  signs  of  plethora,  or  general  excitement,  indicated  by 
redness  and  heat  of  skin,  heaviness  in  the  head,  oppression,  quick 
pulse,  and  pains  in  the  back  or  abdomen ;  whilst  the  discharge 
commences  drop  by  drop,  but  continuously. 

During  the  first  twenty-four  hours  the  flow  is  not  as  great  as  af- 
terwards,, and  is  more  of  a  serous  character,  but  on  the  following 
day  it  becomes  more  abundant  and  sanguineous,  and  gradually  sub- 
sides, leaving,  in  many  females,  a  whitish,  mucous  discharge,  tech- 
nically termed  leucorrhoea,  and,  in  popular  language,  the  whites. 

The  quantity  of  fluid,  lost  during  each  menstruation,  varies 
greatly,  according  to  the  individual  and  to  the  climate.  Its  ave- 
rage is  supposed  to  be  from  six  to  eight  ounces  in  temperate  climes. 
By  some,  it  has  been  estimated  as  nigh  as  twenty,  but  this  is  an 
exaggeration. 

The  menstrual  fluid  proceeds  from  the  interior  of  the  uterus,  and 
not  from  the  vagina.  At  one  time,  it  was  believed,  that  in  the  in- 
tervals between  the  flow  of  the  menses,  the  blood  gradually  accu- 
mulates in  some  parts  of  the  uterus,  and  when  these  parts  attain 
a  certain  degree  of  fulness,  they  give  way  and  the  blood  flows. 
This  office  was  ascribed  to  the  cells, — which  were  conceived  to 
exist  in  the  substance  of  the  uterus  between  the  uterine  arteries 
and  veins, — and,  by  some,  to  the  veins  themselves,  which,  owing 
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to  their  great  size,  were  presumed  to  be  reeervoirs,  and  henoe  woe 
called  uterine  sinuses. 

The  objection  to  these  views  is, — that  we  hare  no  evidence  of 
the  existence  of  any  such  accumulation;  and  that  when  the  interior  of 
the  uterus  of  one,  who  has  died  during  menstruation,  is  examined, 
there  are  no  signs  of  any  such  rupture  as  that  described;  whilst  the 
enlarged  vessels  exist  only  during  pregnancy  or  during  the  expand- 
ed state  of  the  uterus;  the  veins,  in  tlie  unimpregnated  uterus, 
being  extremely  small,  and  totally  inadequate  to  such  a  purpose. 

The  menstrual  fluid  is  a  true  exhalation,  effected  from  the  inner 
surface  of  the  uterus.  This  is  evident  from  the  change  in  the  lining 
of  the  organ  during  the  period  of  its  flow.  It  is  rendered  softer 
and  more  villous,  and  exhibits  bloody  spots,  with  numerous  pores 
from  which  the  fluid  may  be  expressed.  An  injection,  sent  into 
the  arteries  of  the  uterus,  also  readily  transudes  through  the  lining 
membrane.  The  appearance  of  the  menstrual  fluid  in  the  cavity 
of  the  uterus,  during  the  period  of  its  flow;  its  suppression  in  va- 
rious morbid  conditions  of  the  organ;  and  the  direct  evidence,  fur- 
nished in  cases  of  prolapsus  uteri,  where  the  fluid  has  been  seen 
distilling  from  the  os  uteri,  likewise  show  that  it  is  a  uterine  exha- 
lation. 

It  has  been  a  question,  whether  the  fluid  proceeds  from  the  ar- 
teries or  veins;  and  this  has  arisen  from  the  circumstance  of  its 
being  regarded  as  mere  blood,  which  it  is  not  It  is  in  truth  but 
little  like  blood  except  in  its  colour;  and  it  may  be  distinguished 
from  blood  by  the  smell,  which  is  sui  generisy  and  also  by  its  not 
being,  in  general,  coagulable.  ^'It  is,"  says  Mr.  Hunter,  ^*  neither 
similar  to  blood  taken  from  a  vein  of  the  same  person,  nor  to  that 
which  Is  extravasated  by  accident  in  any  other  part  of  the  body  ^ 
but  is  a  species  of  blood,  changed,  separated,  or  thrown  off  from 
the  common  mass  by  an  action  of  the  vessels  of  the  uterus,  similar 
to  (hat  of  secretion,  by  which  action  the  blood  loses  the  principle 
of  coagulation  and,  I  suppose,  life." 

The  fact  of  the  injection,  sent  into  the  arteries,  transuding  through 
the  inner  lining  of  the  uterus  is  in  favour  of  the  exhalation  taking 
place  from  the  arteries,  and  the  analogy  of  all  the  other  exhalationa, 
is  confirmatory  of  the  position. 

The  efficient  cause  of  menstruation  has  afforded  ample  scope  for 
speculation  and  hypothesis.  As  its  recurrence  corresponds  to  a 
revolution  of  the  moon  around  the  earth,  lunar  influence  has  been 
invoked ;  but  before  this  solution  can  be  admitted  it  must  be  shown, 
that  the  effect  of  lunar  attraction  is  different  in  the  various  relative 
positions  of  the  moon  and  earth.  There  is  no  day  of  the  month, 
in  which  numerous  females  do  not  commence  their  menstrual  flux, 
and  whilst  the  discharge  is  beginning  with  some,  it  is  at  its  acme 
or  decline  with  others.  The  hypothesis  of  lunar  influence  must 
therefore  be  rejected. 
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Iq  (be  time  of  Van  Helmont,  it  wfts  beliered  that  a  feriseot 
exiflts  in  the  uteras,  which  gives  occasion  to  a  periodical,  iotestine 
motion  in  the  vessels,  and  a  recurrence  of  the  discharge;  but  inde- 
pendently of  the  want  of  evidence  of  the  existence  of  such  a  fer- 
ment, the  difficulty  remains  of  accounting  for  its  regular  renova- 
tion every  month. 

Local,  and  general  plethora  have  been  assigned  as  causes,  and 
many  of  the  circumstances,  that  modify  the  flow,  favour  the 
opinion.  The  fact  of,  what  has  been  called,  vicarious  men- 
^/rua/>on,  has  been  urged  in  favour  of  this  view.  In  these  cases, 
instead  of  the  menstrual  flux  taking  place  from  the  uterus,  hemor- 
rhages occur  from  various  other  parts  of  the  body,  as  the  breasts, 
lungs,  ears,  eyes,  nose,  &c. 

It  does  not  seem,  however,  that  in  any  of  these  cases,  the  term 
fnenatruation  is  appropriate;  inasmuch  as«.the  fluid  is  not  men- 
stmal,  but  consists  of  blood  periodically  extravasated.  Still  they 
would  appear  to  indicate,  that  there  is  a  necessity  for  the  monthly 
evaeoation,  or  purgations,  as  the  French  term  it;  and  that  if  this 
be  obstructed,  a  vicarious  hemorrhage  may  be  established;  yet  the 
loss  of  several  times  the  quantity  of  blood  from  the  afm^  previous 
to,  or  in  the  very  act  of,  menstruation  does  not  always  prevent  or 
interrupt  the  flow  of  the  catamenia;  and  in  those  maladies,  that  are 
caused  by  their  obstruction,  greater  relief  is  afforded  by  tJie  flow 
of  a  few  drops  from  the  uterus  itself,  than  by  ten  times  the  quan- 
tity from  any  other  part 

Some  of  the  believers  in  local  plethora  of  the  uterus  have  main- 
tained, that  the  arteries  of  the  pelvis  are  more  relaxed  in  the  female 
than  in  the  male;  whilst  the  veins  are  more  unyielding;  and  hence, 
that  the  first  of  these  vessels  convey  more  blood  than  the  second 
return.  It  has  been  also  affirmed,  that  whilst  the  arteries  of  the 
head  predominate  in  man,  by  reason  6(  his  being  more  disposed  for 
intellectual  meditation;  the  pelvic  and  uterine  arteries  predominate 
in  the  female,  owing  to  her  destination  being  more  especially  for 
reproduction. 

Settiiift  aside  all  these  gratuitous  assumptions,  it  is  obvious  that 
a  state,  if  not  of  plethora,  at  least  of  irritation,  must  occur  in  the 
uterus  every  month,  which  gives  occasion  to  the  menstrual  secre- 
tion; but,  as  Adelon  has  properly  remarked,  it  is  not  possible  to 
lay  why  this  irritation  is  renewed  monthly,  any  more  than  to  ex- 
plain why  the  predominance  of  one  organ  succeeds  that  of  another 
in  the  succession  of  ages.  The  function  is  as  natural,  as  instinctive, 
to  the  female,  as  the  development  of  the  whole  sexual  system  at 
the  period  of  puberty.  That  it  is  connected  most  materially  wilh 
the  capability  of  reproduction  is  shown  by  the  fact,  that  it  ioes  not 
make  its  appearance  until  puberty, — the  period  at  which  the  young 
female  is  capable  of  conceiving, — and  that  it  disappears  at  the  cri- 
tical time  of  life,  when  conception  is  impracticable.  It  is  arrested, 
too,  as  a  flceneral  principle,  during  pregnancy,  and  lactation;  and  in 
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amenorrhoea  or  obstruction  of  the  menses  fecundation  is  not  readiljr 
effected.  In  that  variety,  indeed,  of  menstruation,  which  is  ac- 
complished with  much  pain,  at  every  period,  and  is  accompanied 
by  the  secretion  of  a  membranous  substance  having  the  shape  of 
the  uterine  cavity,  conception  may  be  esteemed  impracticable.  Pro- 
fessor Hamilton,  of  the  University  of  Edinburgh,  is,  indeed,  in  the 
habit  of  adducing  this,  in  his  lectures,  as  one  of  two  circumstances — 
the  other  being  the  want  of  a  uterus — ^which  are  alone  invincible  ob- 
stacles to  fecundation.  Yet,  in  the  case  of  dysmenorrhoea,  of  the 
kind  mentioned,  if  the  female  can  be  made  to  pass  one  monthly 
period  without  suffering,  or  without  the  morbid  secretion  from  the 
uterine  cavity,  she  will  sometimes  become  pregnant,  and  the  whole 
of  the  evil  will  be  removed:  for,  the  effect  of  pregnancy  being  to 
arrest  the  catamenia,  the  morbid  habit  is  usually  got  rid  of  during 
gestation,  and  lactation,  and  does  not  subsequently  recur. 

Gall  strangely  supposes,  that  some  general,  but  extraneous 
cause  of  menstruation  exists,^— not  the  influence  of  the  moon; 
and  he  affirms  that,  in  all  countries,  females  generally  menstruate 
about  the  same  time ;  that  there  are,  consequently,  periods  of  the 
month  in  which  none  are  in  that  condition;  and  he  affirms,  that  all 
females  may,  in  this  respect,  be  divided  into  two  classes: — the  one 
comprising  those  that  menstruate  in  the  first  eight  days  of  the 
month,  and  the  other,  those  that  are  **  unwelP' — as  it  is  termed  by 
them,  in  some  countries — in  the  last  fortnight.  He  does  not, 
however,  attempt  to  divine  what^this  cause  may  be.  We  are  sa- 
tisfied that  his  positions  are  erroneous.  Some  considerable  atten- 
tion to  the  matter  has  led  us  to  the  belief,  already  expressed,  that 
there  is  no  period  of  the  moon,  at  which  the  catamenial  discharge 
is  not  taking  place  in  some,  and  we  have  not  the  slightest  reason 
for  believing,  that  on  the  average  more  females  are  menstruating 
at  any  one  part  of  the  month  than  at  another. 

After  these  comments,  it  is  unnecessary  to  notice  the  visionary 
speculations  of  those,  who  have  regarded  menstruation  as  a  me- 
chanical consequence  of  the  erect  attitude,  or  the  opinion  of  Rous- 
SEL,  that  it  originally  did  not  exist,  but  that  being  produced  arti- 
ficially by  too  succulent  a  regimen,  it  was  afterwards  propagated 
from  generation  to  generation;  or  finally,  that  of  Aubbrt,  who 
maintained,  that  if  the  first  amorous  inclinations  were  satisfied,  the 
resulting  pregnancy  would  totally  prevent  the  establishment  of 
menstruation.  The  function,  it  need  scarcely  be  said,  is  instinc- 
tive, and  forms  an  essential  part  of  the  female  constitution. 

The  age,  at  which  menstruation  commences,  varies  in  indi- 
viduals and  in  different  climates.  It  is  a  general  law,  that  the 
warmer  the  climate,  the  earlier  the  discharge  takes  place,  and  the 
sooner  it  ceases.  In  some  climates,  it  begins  at  nine  years  of  age, 
whilst  in  northern  regions,  women  may  not  arrive  at  puberty  until 
they  are  seventeen  or  eighteen  years  old.  In  the  temperate  zone, 
the  most  common  period  is  from  thirteen  to  fifteen  years.    Men« 
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struation  commonly  ceases  in  the  same  zone  at  from  forty  to  fifty 
years  of  age.  In  oriental  climes,  the  menses  begin  soon,  flow  co- 
piously,  and  end  early:  females  being  old  when  those  of  the  tem- 
perate  regions  would  be  still  in  their  prime.  In  northern  regions, 
on  the  contrary,  they  begin  late,  flow  sparingly,  and  continue  long. 

These  rules  are,  however,  liable  to  many  exceptions.  The 
menses,  with  powers  of  fecundity,  have  continued,  in  particular 
instances,  much  beyond  the  ages  that  have  been  specified;  some  of 
these  protracted  cases  having  had  regular  catamenia;  in  others,  the 
discharge,  after  a  long  suppression,  having  returned.  A  relation 
of  Hallbr  had  two  sons  after  her  fiftieth  year;  and  children  are 
said  to  have  been  born,  even  after  the  mother  had  attained  the  age 
of  sixty.  HoLDEFREUND  relates  the  case  of  a  female,  in  whom 
itienstruation  continued  till  the  age  of  seventy-^one ;  Botjrgeois  till 
the  age  of  eighty ;  and  Hagendorn  to  ninety ;  but  it  is  probable, 
that  these  were  not  cases  of  true  menstruation,  but  perhaps  of  irre- 
gularly periodical  discharges  of  true  blood  from  the  uterus  or  va- 
gina. 

During  the  existence  of  menstruation  the  system  of  the  female 
is  more  irritable  than  at  other  times;  so  that  all  exposure  to  sud- 
den and  irregular  checks  of  transpiration  should  be  avoided,  as  well 
as  every  kind  of  mental  and  corporeal  agitation,  otherwise  the  pro- 
cess, may  be  impeded,  or  hysterical  and  other  troublesome  affec- 
tions be  excited. 

Physiology  of  Generation. 

In  man  and  the  superior  animals,  in  which  each  sex  is  possessed 
by  ft  distinct  individual,  it  is  necessary  that  there  should  be  a  union 
of  the  sexes,  and  that  the  fecundating  fluid  of  the  male  should  be 
conveyed  within  the  appropriate  organs  of  the  female;  in  order 
that,  from  the  concourse  of  the  matters  furnished  by  both  sexes,  a 
new  individual  may  result. 

To  this  union  we  are  incited  by  an  imperious  instinct,  establish- 
ed within  us  for  the  preservation  of  the  species;  as  the  senses  of 
hunger  and  thirst  are  placed  within  us  for  the  preservation  of  the 
individual.  This  has  been  termed  the  desire  or  instinct  o/repro* 
dttction;  and,  for  wise  purposes,  its  gratification  is  attended  with 
the  most  pleasurable  feelings  which  man  or  animals  can  experience. 

Prior  to  the  period  of  puberty,  or  whilst  the  individual  is  inca- 
pable of  procreation,  this  desire  does  not  exist;  but  it  suddenly 
makes  its  appearance  at  puberty,  persists  vehemently  during 
youth  and  the  adult  age,  and  disappears  in  advanced  life,  when  pro- 
creation becomes  again  impracticable.  It  is  strikingly  exhibited  in 
those  animals,  in  which  generation  can  only  be  effected  at  particu- 
lar periods  of  the  year,  or  whilst  they  are  in  heat:  as  in  the  deer 
during  the  rutting  season. 

The  views  that  have  been  entertained,  regarding  the  seat  of  this 
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iDitinot — ^whether  in  the  eneephalon  or  genital  organs— >were  eon- 
sidered  under  the  head  of  the  mental  and  moral  manifestatione.  It 
was  there  stated,  that  Cabaris  and  Broussais  make  the  internal 
impressions  to  proceed  from  the  genital  organs,  but  to  form  a 
part  of  the  psychology  of  the  indiyidaal;  and  that  Oai^l  assigns 
an  encephalic  organ — the  cerebellum — for  its  production,  and 
ranks  the  instinct  of  reproduction  amongst  the  primary  facul- 
ties of  the  mind.  In  farther  proof  of  the  idea,  which  refers  it 
to  the  eneephalon,  it  may  be  remarked,  that  the  instinct  has  beett 
obsenred  in  those  who,  owing  to  original  malformation,  have 
wanted  the  principal  part  of  the  genital  organs,  whilst  it  has  con- 
tinued in  the  case  of  eunuchs,  not  castrated  till  after  the  age  of 
puberty. 

In  opposition  to  this  view,  it  has  been  urged,  that  simple  titillsr 
tion  of  the  organs  will  excite  the  desire.  This,  howerer,  may  be 
entirely  dependent  upon  association,  in  which  the  brain  is  largely 
concerned.  In  many  oases,  the  desire  is  produced  through  the 
agency  of  vision ;  when  the  brain  must  necessarily  be  first  ex- 
eited,  and,  through  its  influence,  the  generative  apparatus. 

The  cause  of  the  desire  has,  by  some,  been  ascribed  to  the  pre- 
sence of  sperm,  in  the  requisite  quantity,  in  the  vesiculae  semi- 
aales;  but,  in  answer  to  this,  it  is  urged,  that  eunuchs,  as  under 
the  circumstances  above  mentioned,  and  females,  in  whom  there 
is  no  spermatic  secretion,  have  the  desire. 

The  fact  is,  we  have  no  more  precise  knowledge  of  the  na- 
ture of  this  instiitct,  than  we  have  of  any  of  the  internal  sensations 
or  moral  faculties.  We  know,  however,  that  it  exhibits  itself  in 
various  degrees  of  intensity,  and  occasionally  assumes  an  opposite 
character — constituting  anaphrodisia. 

In  the  union  of  the  sexes,  the  part  performed  by  the  nude  is  the 
introduction  of  the  penis, — the  organ  for  the  conveyance  of  the 
sperm  to  the  uterus, — and  the  excretion  of  that  fluid,  during  its  in- 
troduction. In  the  flaccid  state  of  the  organ  this  penetration  is  im- 
practicable; it  is  first  of  all  necessary,  that,  under  the  excitement 
of  the  venereal  desire,  the  organ  should  attain  a  necessary  state  of 
rigidity,  which  is  termed  erection.  In  this  state,  the  organ  be- 
comes enlarged,  and  raised  towards  the  abdomen ;  its  arteries  beat 
forcibly;  the  veins  become  tumid;  the  skin  more  coloured,  and  the 
heat  augmented.  It  becomes  also  of  a  triangular  shape,  and  these 
thanges  are  indicated  by  an  indescribable  feeling  of  pleasure. 

Erection  is  not  dependent  upon  volition.  At  times,  it  manifestB 
itself  against  the  will;  at  others,  it  refuses  to  obey  it;  yet  it  re- 
quires, apparently,  the  constant  excitement  of  the  encephalic  organ 
concerned  in  its  production; — the  slightest  distraction  of  the  mind 
causing  its  cessation.  The  modest  and  retiring  spouse  is,  at  times, 
unable  to  consummate  the  marriage  for  nights,  perhaps  wedcs;  fdt, 
he  is  only  temporarily  impotent;  for  the  inclination  and  the  con- 
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fequeot  erection  supervene  sooner  or  later.  Pills  of  the  cmmb  of 
bread,  tod  a  recommendation  to  the  individual  not  to  approach  his 
wife  for  a  fortnight,  whatever  may  be  his  desire,  have  in  almost 
all  cases  removed  the  impotence. 

The  state  of  erection  is  not  long  maintained,  except  under  un« 
usual  excitement;  the  organ  soon  returning  to  its  ordinary  flacoi- 
dity. 

ks  cause  is  evidently  a  congestion  of  blood  in  the  erectile  tissue 
of  the  corpora  cavernosa,  urethra,  and  glans.  Swammsrdak  and 
Db  Graaf  cut  off  the  penis  of  a  dog  during  erection,  and-fouad 
the  tissue  gorged  with  blood,  and  that  the  organ  returned  to  its 
.  flaccid  condition,  as  the  blood  flowed  from  it  The  same  fact,  ac- 
cording to  Adelon,  has  been  observed  in  the  human  subject, 
where  erection  has  continued  till  after  death.  Mr.  Callawat,  of 
Guy's  Hospital,  London,  has  described  the  case  of  an  individual, 
who,  in  a  state  of  inebriation,  had  communication  three  times  with 
his  wife  the  same  night,  without  the  consequent  collapse  succeed- 
ing, although  emission  ensued  each  time.  This  condition  persisted 
for  sixteen  days,  notwithstanding  the  use  of  the  appropriate  means: 
at  this  time,  an  opening  was  made  with  a  lancet  in  the  left  cms  of 
the  penis,  below  the  scrotum,  and  a  large  quantity  of  dark,  grumous 
blood,  with  numerous  small  coagula,  escaped.  By  pressing  the 
penis,  the  corpora  cavernosa  were  immediately  emptied,  and  each 
side  became  flaccid;  the  communication  by  the  pecten,  or  septum 
penis,  permitting  the  discharge  of  the  contents  of  both  corpora  by 
the  incision  into  the  left  ^rus.  After  recovery,  the  person  remain- 
ed quite  impotent,  the  organ  being  incapable  of  erection,  owing, 
as  Mr.  Caixawat  judiciously  suggests,  to  the  deposition  of  coa- 
gulable  lymph  in  the  cells  of  the  corpora  cavernosa  preventing  the 
admission  of  blood,  and  the  consequent  distention  of  the  organ. 

Artificial  erection  can,  likewise,  be  induced  in  the  dead  body 
by  injections,  so  that  but  little  doubt  need  exist,  that  the  enlarge- 
ment and  rigidity  of  the  penis,  during  erection,  are  caused  by  the 
larger  quantity  of  blood  sent  into  it 

The  great  difficulty  has  been,  to  account  for  this  increased  flow. 
The  older  writers  ascribed  it  to  the  compression  of  the  internal 
pudic  vein  against  the  symphysis  pubis,  owing  to  the  organ  being 
raised  towards  the  abdomen  by  the  ischio-cavernosi  muscles;  and 
as  the  cavernous  vein  enipties  its  blood  into  the  internal  pudic, 
stagnation  of  blood  in  the  corpora  cavernosa  ought  necessarily  to 
result  from  such  compression,  and  consequent  distention  of  the  or- 
gan; whilst  the  cavernous  arteries,  being  firmer,  would  not  yield 
to  the  compression,  and  would,  therefore,  continue  to  convey  the 
blood  to  the  penis. 

It  is  obvious,  however,  that  here, — as  in  every  case,  where  the 
erectile  tissue  is  concerned, — the  congestion  must  be  of  an  active 
Uttd:  the  beating  of  the  arteries  and  the  coloration  of  the  ^rgui  in- 
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dicate  this;  and,  besides,  if  is  not  possible,  that  any  compression  of 
the  pudic  vein  can  precede  erection;  it  must,  if  it  occur  at  all,  be  re- 
garded rather  as  a  consequence  of  erection  than  as  its  cause.  The 
case  of  the  female  nipple  affords  us  an  instance  of  erectility,  where 
no  compression  can  be  invoked,  and  where  the  distention  must  be 
caused  by  augmented  flow  of  blood  by  the  arteries.  If  the  nipple 
be  handled,  particularly  whilst  the  female  is  under  voluptuous  ex- 
citement, it  will  be  found  to  enlarge,  and  to  become  rigid,  or  to  be  in 
a  true  state  of  erection.  The  common  opinion,  amongst  physiolo- 
gists, is,  that  irritation  of  this  erectile  tissue  is  the  first  link  in  the 
chain  of  phenomenawconstituting  erection.  The  feeling  of  pleasure 
is  certainly  experienced  there,  prior  to,  and  during,  erection;  and 
this  irritation,  like  every  other,  solicits  an  increased  flow  of  blood 
into  the  erectile  tissue,  which,  by  organization,  is  capable  of  con- 
siderable distention. 

The  erectile  tissues  of  the  corpora  cavernosa,  and  of  the  corpus 
spongiosum  urethrse,  and  glans,  are  all  concerned  in  the  process, 
but  in  what  precise  manner  physiologists  are  not  entirely  agreed. 
Some  have  supposed,  that  the  blood  is  effused  into  the  cells,  and 
is  consequently  out  of  the  vessels.  Another  view,  supported  by 
some  of  the  most  eminent  anatomists  and  physiologists  is,  that  the 
blood  simply  accumulates  in  the  venous  plexuses  of  the  corpora 
cavernosa.  Such  seems  to  have  been  the  inference  of  Cuvieb, 
Chaussier,  and  Beclard,  from  their  injections;  and  the  rapidity, 
with  which  erection  disappears,  favours  the  notion. 

It  has  been  asked,  again,  whether  this  accumulation  of  blood 
be,  as  we  have  remarked,  an  increased  afflux  by  the  arteries,  or 
a  diminished  action  of  the  veins;  or  these  two  states  combined. 
The  last  opinion  is  probably  the  most  correct  The  arteries 
first  respond  to  the  appeal;  the  organ  is,  at  the  same  time,  raised 
by  the  appropriate  muscles;  its  tissue  becomes  distended,  the 
plexus  of  veins  becomes  turgid,  and  the  return  of  blood  im- 
peded. In  this  way,  the  organ  acquires  the  rigidity,  necessary  for 
penetrating  the  parts  of  the  female.  The  friction  which  then  occurs, 
keeps  up  the  voluptuous  excitement  and  the  state  of  erection.  This 
excitement  is  extended  to  the  whole  generative  system;  the  secre- 
tion of  the  testicle  is  augmented;  the  sperm  arrives  in  greater 
quantity  in  the  vesiculae  seminales;  the  testicles  are  drawn  up  to- 
wards the  abdominal  rings  by  the  contraction  of  the  dartos  and 
cremaster,  so  that  the  vas  deferens  is  rendered  shorter,  and,  in  the 
opinion  of  some,  the  sperm,  filling  the  excretory  ducts  of  the  tes- 
ticle is,  in  this  manner,  forced  mechanically  forwards  towards  the 
vesicles.  When  these  have  attained  a  certain  degree  of  distention 
they  contract  suddenly  and  powerfully,  and  the  sperm  is  projected 
through  the  ejaculatory  ducts  into  the  urethra.  It  is  at  this  period, 
that  the  pleasurable  sensation  is  at  its  height  When  the  sperm 
reaches4he  urethra,  the  canal  is  thrown  into  the  highest  excitenient; 
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the  ischio-cayernosi  and  bulbo-cavernosi  muscles,  with  the  trans- 
yersas  perinei,  and  leyator  ani  are  thrown  into  yiolent  contraction; 
the  two  first  holding  the  penis  straight,  and  assisting  th^  others  in 
projecting  the  sperm  along  the  urethra.  By  the  agency  of  these  mus- 
cles and  of  the  proper  muscular  structure  of  the  urethra,  the  fluid 
18  expelled,  not  continuously,  but  in  jets,  as  it  seems  to  be  sent  into 
the  urethra  by  the  alternate  contractions  of  the  yesiculse  semi* 
nales. 

The  quantity  of  sperm,  discharged,  yaries  materially  according 
to  the  circumstances  preyiously  mentioned;  its  ayerage  is  estimated 
at  about  two  drachms. 

Along  with  the  true  sperm,  the  fluids  of  the  prostate  and  of  the 
glands  of  Cowper  are  discharged;  so  as  to  constitute  the  semen  as 
we  meet  with  it.  When  the  emission  is  accomplished,  the  penis 
gradually  returns  to  its  ordinary  state  of  flaccidity ;  and  it  is  usually 
impracticable,  by  any  efibrt,  to  repeat  the  act  without  the  inter- 
yention  of  a  certain  interyal  of  repose,  to  enable  the  due  quantity 
of  sperm  to  collect  in  the  spermatic  yessels  and  yesicles.  In  some 
persons,  howeyer,  the  excitability  is  so  great,  and  the  secretion  of 
sperm  so  ready,  that  no  interval  is  required  between  the  first  and 
second  attempt 

This  comprises  the  whole  t)f  the  agency  of  the  male  in  the  func- 
tion of  generation. 

In  man,  the  emission  of  sperm  is  soon  effected ;  but  in  certain 
animals  it  is  a  long  process.  In  the  dog,  which  has  no  yesiculae 
aeminales,  the  penis  swells  so  much,  during  copulation,  that  it  can- 
not be  withdrawn  until  the  emission  of  sperm  removes  the  erec- 
tion. 

In  the  ftmalt^  during  copulation,  the  clitoris  is  in  the  same 
state  of  erection  as  the  penis;  as  well  as  the  spongy  tissue,  lining 
more  especially  the  entrance  of  the  vagina,  and  it  is  in  these  parts, 
particularly  in  the  clitoris,  that  pleasure  is  experienced  during 
sexual  desire,  and  during  copulation.  This  feeling  persists  the 
whole  time  of  coition,  and  ultimately  attains  its  acme,  as  in  the  case 
of  the  male,  but  without  any  spermatic  ejaculation.  It  is  not  ow- 
ing to  the  contact  of  the  male  sperm, — for  it  frequently  occurs  before 
or  after  emission  by  the  male, — but  is  dependent  upon  some  inap-> 
preciable  modification  in  the  female  organs, — in  the  oyaries  or 
Fallopian  tubes,  it  is  supposed  by  some  physiologists.  In  most 
cases,  an  increased  discharge  takes  place  from  the  mucous  follicles 
of  the  yagina  and  yulva;  but  this  appears  to  be  gradual,  during  the 
progress  of  coition,  and  in  nowise  to  resemble  the  ejaculation 
of  the  male.  After  the  kind  of  convulsive  excitement  into  which 
the  female  is  thrown,  a  sensation  of  languor  and  debility  is  expe- 
rienced, as  in  the  male,  but  not  to  the  same  extent, — and  in  conse- 
quence of  no  spermatic  emission  taking  place  in  her,  she  is  capable 
of  a  renewal  of  intercourse  more  speedily  than  the  male,  and  can 
better  support  its  Ifrequent  repetition. 
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An  admixture  having,  in  this  manner,  been  effected  between  the 
materials  furnished  by  the  male  and  those  of  the  female,  after  a 
fecundating  copulation  conception  or  fecundation  results,  and  the 
rudiments  of  the  new  being  are  instantaneously  constituted.  The 
well-known  fact,  that,  after  the  removal  of  the  testicles,  the  indi- 
vidual is  incapable  of  procreation,  although  the  rest  of  the  genital 
organs  may  remain  entire,  is  of  itself  sufficient  to  show,  that  the 
fecundating  fluid  is  the  secretion  of  those  organs,  and  that  this  fluid 
is  indispensable.  Physiologists  have  not,  however,  been  satisfied 
with  this  fact  Spallanzani  examined  frogs  with  great  attention, 
whilst  in  the  act  of  copulation  both  in  and  out  of  water;  and  he 
observed,  that,  at  the  moment  when  the  female  deposited  her  eggs, 
the  male  darted  a  transparent  liquor  through  a  tumid  point  which 
issued  from  its  anus.  This  liquor  moistened  the  eggs,  and  fecun- 
dated them.  To  be  certain  that  it  was  the  fecundating  agent,  be 
dressed  the  male  in  waxed  taffeta  breeches;  when  he  found  that 
fecundation  was  prevented,  and  that  sperm  enough  was  contained 
in  the  breeches  to  be  collected.  This  he  took  up  by  means  of  a 
camel's-hair  pencil,  and  all  the  eggs,  which  he  touched  with  it^ 
were  fecundated.  Three  grains  of  this  sperm  were  sufficient  to 
render  a  pound  of  water  fecundating;  and  a  drop  of  this  solution, 
which  could  not  contain  more  than  the  2,994,687-500th  part  of  a 
grain  was  enough  for  the  purpose. 

To  diminish  the  objection,  that  the  frog  is  too  remote  in  orga- 
nization from  man  to  admit  of  any  analogical  deduction,  Spallak- 
ZAKI  took  a  spaniel  bitch,  which  had  engendered  several  times ; 
shut  her  up  some  time  before  the  period  of  heat,  and  waited  until 
she  exhibited  evidences  of  being  in  that  condition,  which  did  not 
happen  until  after  twenty-three  days  of  seclusion.  He  then  in- 
jected into  the  vagina  and  uterus,  by  means  of  a  common  sjrringe 
warmed  to  100^  of  Fahrenheit,  nineteen  grains  of  sperm  ob- 
tained from  a  dog.  Two  days  afterwards  she  ceased  to  be  in  heat, 
and,  at  the  ordinary  period,  she  brought  forth  three  young  ones, 
which  not  only  resembled  her  but  the  dog  from  which  the  sperm 
had  been  obtained.  This  experiment  has  been  repeated  by  nossi 
of  Pisa,  and  byBuFFOLiNi  of  Cesena,  with  similar  results. 

In  some  experiments  on  generation,  Prevost  and  Dxtmas  fe- 
cundated artificially  the  ova  of  the  frog.  Having  expressed  the 
fluid  from  several  testicles,  and  diluted  it  with  water,  they  placed 
the  ova  in  it.  These  were  observed  to  become  tumid  and  deve- 
loped ;  whilst  other  ova,  placed  in  common  water,  merely  swelled 
up,  and  in  a  few  days  became  putrid.  They  observed,  moreover, 
that  the  mucus,  with  which  the  ova  are  covered  in  the  oviduct, 
— ^the  part  corresponding  to  the  Fallopian  tube  in  the  mammalia, — 
assists  in  the  absorption  of  the  sperm,  and  in  conducting  it  to  the 
surface  of  the  ovum ;  and  that,  in  order  to  succeed  in  these  arti- 
ficial fecundations,  the  sperm  must  be  diluted.  If  too  much  con- 
centrated its  action  is  less.     They  satisfied  themselves,  likewise, 
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that  the  chief  part  of  the  sperm  penetrates  as*  far  as  the  ova,  as  ani- 
malcules could  be  detected  moving  in  the  mucus  covering  their 
surface,  and  these  animalcules  they  conceive  to  be  the  active  part 
of  the  sperm. 

It  is  not,  however,  universally  admitted,  that  the  positive  eon- 
tact  of  the  sperm  with  the  ovum  is  indispensable  to  fecundation. 
Some  physiologists  maintain,  that  the  sperm  proceeds  no  farther 
than  the  upper  part  of  the  vagina ;  whence,  according  to  some,  it 
is  absorbed  by  the  vessels  of  that  canal,  and  conveyed  through  the 
circulation  to  the  ovary.  This  is,  however,  the  most  improbable 
of  all  the  views  that  have  been  indulged  on  this  topic;  for  if  such 
were  the  fact,  impregnation  ought  to  be  effected  as  easily  by  in- 
jecting sperm  into  the  blood-vessels, — the  female  being,  at  the  time, 
in  a  state  of  voluptuous  excitement  Others  have  presumed,  that 
when  the  sperm  is  thrown  into  the  vagina,  a  halitus  or  aura — 
the  aura  seminis — escapes  from  it,  makes  its  way  to  the  ovary, 
and  impregnates  an  ovum.  Others,  again,  think  that  the  sperm 
is  projected  into  the  uterus,  and  that  in  this  cavity  it  undergoes 
admixture  with  the  germ  furnished  by  the  female ;  whilst  a  last 
class,  with  more  probability  in  their  favour,  maintain  that  the 
sperm  is  thrown  into  the  uterus,  whence  it  passes  through  the  Fal- 
lopian tube  to  the  ovary,  the  fimbriated  extremity  of  the  tube,  at 
the  time,  embracing  the  latter  organ. 

Dr.  Dkw££S, — the  able  adjunct  professor  of  midwifery  in  the 
University  of  Pennsylvania, — has  suggested,  that  after  the  sperm 
is  deposited  on  the  labia  pudendi  or  in  the  vagina,  it  may  be  taken 
up  by  a  set  of  vessels, — which,  he  admits,  have  never  been  seen  in 
the  human  female — ^whose  duty  it  is  to  convey  the  sperm  to  the 
ovary.  This  conjecture  he  conceives  to  have  been  in  part  con- 
firmed, by  the  discovery  of  ducts,  leading  from  the  ovary  to  the 
vagina,  in  the  cow  and  sow,  by  Dr.  Gartner  of  Copenhagen. 
The  objections  that  may  be  urged  against  his  hypothesis.  Dr.  De- 
WBEs  remarks,  "he  must  leave  to  others."  We  have  no  doubt, 
that  his  intimate  acquaintance  with  the  subject  could  have  suggested 
many  that  are  pertinent  and  cogent  It  will  be  obvious,  that  if 
we  admit  the  existence  of  the  ducts,  described  by  Gartner,  it  by 
DO  means  follows,  that  they  are  certainly  inservient  to  the  function 
in  question.  Independ^tiy,  too,  of  the  objection,  that  they  have 
90t  been  met  with  in  the  human  female,  it  may  be  urged,  that  if 
we  grant  their  existence,  there  would  seem  to  be  no  reason,  why 
closure  of  the  os  uteri  after  impregnation,  or  division  of  the  Fal- 
lopian tubes,  should  prevent  subsequent  conception,  in  the  former 
case  during  the  existence  of  pregnancy,  in  the  latter,  for  life.  These 
vessels  ought,  in  both  cases,  to  continue  to  convey  sperm  to  the 
ovary,  and  extra-uterine  pregnancies  or  superfoetation  ought  to  be 
constantly  occurring. 

MM.  Prevost  and  Dumas  are  the  most  recent  writers,  who 
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maintaia,  that  fecundation  takes  place  in  the  oterus,  and  they 
sign  the  following  reasons  for  their  belieC  Fir8U  That  in  their 
experiments,  they  always  found  sperm  in  the<:ornua  of  the  uterus*, 
and  they  conceive  it  natural,  that  fecundation  should  be  operated 
only  where  sperm  is.  Secondly.  That  in  those  animals,  whose 
ova  are  not  fecundated  until  after  they  have  been  laid,  fecundatiott 
must  necessarily  be  accomplished  out  of  the  oVary;  and  Thirdly ^ 
that  in  their  experiments  on  artificial  fecundation,  they  have  never 
been  able  to  fecundate  ova  taken  from  the  ovary. 

In  reply  to  the  first  of  these  positions  it  has.  been  properly  re- 
marked by  Adelon,  that  the  evidence  of  MM.  Prevost  and  Du- 
mas, with  regard  to  the  presence  of  sperm  elsewhere  than  in  the 
uterus,  is  only  of  a  negative  character;  and  that,  on  the  other  hand,, 
we  have  the  positive  testimony  of  physiologists  in  favour  of  its  ex- 
istence in  the  Fallopian  tubes  and  ovary.  Halleb  asserts,  that 
he  found  it  there ;  and  MM.  Prevost  and  Dumas  afford  us  evi- 
dence against  the  position  they  have  assumed  respecting  the  seat 
of  fecundation.  They  affirm,  that  in  the  first  day  after  copulation, 
the  sperm  was  discoverable  in  the  cornua  of  the  uterus,  and  that 
it  was  not  until  after  the  lapse  of  twenty-four  hoursj  that  it  had  at- 
tained the  summits  of  the  cornua.  Once  they  detected  it  in  the  Fal- 
lopian tubes: — a  circumstance  which  is  inexplicable  under  the  view, 
that  fecundation  is  accomplished  in  the  uterus.  Leeuenhoek 
and  Hartsoeker  also  found  it  in  some  cases  in  the  Fallopian 
tube. 

In  reply  to  the  second  argument  it  may  be  remarked,  that  ana- 
logies drawn  from  the  inferior  animals  are  frequently  very  loose 
and  unsatisfactory,  and  ought  consequently  to  be  received  with 
caution.  This  is  peculiarly  one  of  these  cases;  for  the  fecundation, 
in  the  case  adduced,  is  always  accomplished  out  of  the  body,  and 
analogy  might  with  equal  propriety  be  invoked  to  prove,  that  in 
the  human  female,  fecundation  is  also  effected  out  of  the  body. 

In  answer  to  the  third  negative  position  of  MM.  Prevost  and 
Dumas,  the  positive  experiments  of  Spallanzani  may  be  adduced, 
who  succeeded  in  producing  fecundation  in  ova,  that  had  been  pre- 
viously separated  from  the  ovary. 

The  evidence,  that  conception  takes  place  in  the  ovary  appears 
to  us  convincing.  The  cases  of  ovarian  pregAancy  offer  irresistible 
proof.  Of  these  Mr.  Stanley  of  Bartholomew's  Hospital  has  given 
an  instructive  example  in  the  sixth.volume  of  the  Medical  Trans- 
actions;  and  a  still  more  extraordinary  instance  is  related  by  Dr. 
Granville  in  the  Philosophical  Transactions  iov  1820.  Other 
varieties  of  extra-uterine  pregnancy  are  confirmative  of  the  same 
position.  At  times,  the  foetus  is  found  in  the  cavity  of  the  abdo- 
men,— ^the  ovum  seeming  to  have  escaped  from  the  Fallopian  tube, 
when  its  fimbriated  extremity  grasped  the  ovary  to  receive  the 
ovum  and  convey  it  to  the  cavity  of  the  uterus.     At  other  times. 
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the  fcBtuB  is  developed  in  the  Fallopian  tube, — as  in  the  marginal 
figure, — some  impediment  hav- 
ing existed  to  the  passage  of  Fig.  137. 
the   ovum  from   the  ovarium  — 
to  the  uterin.     This  impedi- 
ment can,  indeed,  be  excited 
ardficially  so  as  to  give  rise  to 
tubal    pregnancy.     Nuck  ap- 
plied a  ligature  round  o»e  of 
the  cornua  of  the  uterus  of  a  ' 
bitch,  three  days  after  copula- 
tion; and  he  found,  afterwards, 

ista  fietuses  arrested  in  the  Fal-  TaM  fH^uatf. 

lopian  tube  between  the  ligature  and  the  ovary. 

It  is  obvious,  then,  from  these  facta,  either  that  fecundation  oc- 
curs in  the  ovarium,  or  else  that  the  ovum,  when  fecundated  in  the 
Uterus,  travels  along  the  Fallopian  tube  to  the  ovarium  and  from 
thence  back  again  to  the  uterus,  which  is  not  probable.  Moreover, 
that  the  ovaries  are  indispensable  :igents  in  the  function  of  genera- 
tion is  shown  by  the  well-known  fact,  that  their  removal,  by  the 
operation  of  spaying,  not  only  precludes  reproduction  but  takes 
away  all  sexual  desire,  in  the  Philosc^hical  Transactions  for 
1805,  a  case  is  detailed  of  a  natural  defect  of  this  kind  in  an  adult 
woman,  who  had  never  exhibited  the  slightest  desire  for  commerce 
with  the  male,  end  had  never  menstruated.  On  dissection,  the 
ovaria  were  found  deficient;  and  the  uterus  was  not  larger  than  an 
infant's. 

But,  to  prevent  impregnation,  it  is  not  even  necessary  that  the 
ovaries  should  be  removed.  It-is  sufficient  to  deprive  them  of  all 
immediate  communication  with  the  uterus,  by  simply  dividing  the 
Fallopian  tubes.  On  this  subject,  Haiqbtok  instituted  numerous 
axperimentfl,  the  result  of  which  was,  that  afier  this  operation,  a 
i«etu«  was  in  no  instance  produced.  The  operation  is^  much  more 
simple  than  the  ordinary  method  of  spaying  by  the  removal  of  the 
ovaries,  and  it  has  been  for  several  years  successfully  practised,  at 
the  recommendation  of  the  author,  on  the  farm  of  his  friend  Mr. 
JsFTsasoN  Rardolph,  of  Virginia.  It  does  not  seem  that  the  sim- 
ple division  of  the  Fallopian  tubes  takes  away  the  sexual  desire, 
like  the  removal  of  the  ovaries.  Dr.  Blttmdkll  has  proposed  this 
division  of  the  tubes,  and  even  the  removal  of  a  small  portion  of 
them,  BO  as  to  render  them  completely  impervious,  where  the  pel- 
vis is  BO  contracted  as  not  to  admit  of  the  birth  of  a  living  child  in 
the  seventh  month ;  and  he  goes  so  far  as  to  affirm,  that  the  opera- 
tion is  much  less  dangerous  than  delivery  by  perforating  the  head, 
when  the  pelvis  is  greatly  contracted. 

We  have  already  remarked,  tiiat  sperm  has  been  found  in  the 
cavity  of  the  uterus,  and  even  in  the  Fallopian  tubes.  Fabbicius 
ab  Acquapendeate  maintained  that  it  could  not  be  detected  there; 
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and  Harvbt  contended^  that,  in  the  case  of  the  cow,  whose  vagina 
is  very  long,  as  well  as  in  numerous  other  animals,  the  sperm  cannot 
possibly  reach  the  uterus,  and  that  there  is  no  reason  for  supposing 
that  it  ever  does  so.  In  addition,  however,  to  the  facts  already 
cited,  we  may  remark,  that  Mr.  John  Huntbr  killed  a  bitch  in 
the  act  of  copulation,  and  found  the  semen  in  the  cavity  of  the 
uterus,  conveyed  thither,  in  his  opinion,  per  saltum.  RurscH 
discovered  it  in  the  uterus  of  a  woman  taken  in  adultery  by  her 
husband  and  killed  by  him ;  and  Haller  in  the  uterus  of  a  sheep 
killed  forty-five  minutes  after  copulation.  Blumenbach  supposes, 
that,  during  the  venereal  orgasm,  the  uterus  sucks  in  the  sperm. 
It  is  impossible  to  explain  the  mode  in  which  this  is  accomplish- 
ed, but  the  fact  of  the  entrance  of  the  fluid  into  the  uterus  seems 
unquestionable. 

Granting,  then,  that  conception  ociiurs  in  the  ovarium,  and  that 
sperm  is  projected  into  the  uterus,  with  or  without  the  action  of 
aspiration  referred  to  by  Blumenba'ch,  in  what  manner  does  the 
sperm  exert  its  fecundating  agency  on  the  ovarium  ?  It  is  mani- 
festly impossible,  that  the  force  of  projection  from  the  male  can 
propel  it^not  only  as  far  as  the  cornua  of  the  uterus,  but  also 
through  the  narrow  media  of  communication  between  the  uterus 
and  ovary  by  the  Fallopian  tubes.  This  difficulty  suggested  the 
idea  of  the  aura  seminis  or  aura  aeminaliSf  which,  it  was  sup- 
posed, might  readily  pass  into  the  uterus,  and  through  the  tubes 
to  the  ovary.  Haighton,  indeed,  embraced  an  opinion  more 
obscure  than  this,  believing  that  the  semen  penetrates  no  farther 
than  the  uterus,  and  acts  upon  the  ovaria  by  sympathy ;  and  this 
view  has  been  adopted  by  some  distinguished  individuals.  In 
opposition  to  the  notion  of  the  aura  seminis^  we  have  some  striking 
facts  and  experiments.  In  all  those  animals,  in  which  fecundation 
is  accomplished  out  of  the  body,  direct  contact  of  the  sperm  ap* 
pears  necessary.  Spallanzani,  and  MM.  Prevost  and  Dumas 
found,  in  their  experiments  on  artificial  fecundation,  that  they  were 
always  unsuccessful  when  they  simply  subjected  the  ova  to  the 
emanation  from  the  sperm.  Spallanzani  took  two  watch-glasses, 
capable  of  being  fitted  to  each  other,  the  concave  surface  of  the  one 
being  opposed  to  that  of  the  other.  Into  the  lower  he  put  ten  or 
twelve  grains  of  sperm,  and  into  the  other  about  twenty  ova.  In 
the  course  of  a  few  hours,  the  sperm  had  evaporated,  so  that  the 
ova  were  moistened  by  it ;  yet  they  were  not  fecundated,  but  fecun- 
dation was  readily  accomplished  by  touching  them  with  the  sperm 
that  remained  in  the  lower  glass.  A  similar  experiment  was  per- 
formed by  MM.  Prevost  and  Dumas.  They  prepared  about  an 
ounce  and  a  half  of  a  fecundating  fluid  from  the  expressed  humour 
-of  twelve  testicles,  and  as  many  vesicular  seminales.  With  two  and 
a  half  drachms  of  this  fluid  they  fecundated  more  than  two  hundred 
ova.  The  remainder  of  the  fluid  was  put  into  a  small  retort  to  which 
an  adopter  was  attached.  In  this,  forty  ova  were  placed,  ten  of  which 
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occupied  the  faollowest  part,  whilst  the  rest  were  placed  near  the 
beak  of  the  retort  The  apparatus  was  put  under  the  receiver  of 
an    air-pump,   and 

air  sufficient  with-  Fig.  138. 

drawn  to  diBiinish 
the  pressure  of  the 
atmosphere  one- 
half.  Therajrsofthe 
sun  were  now  di- 
rected upon  the  bo- 
dy of  the  retort,  un- 
til the  temperature 

within  rose  to  about  a.  The  retort  eontauiiiiirthef perm.— B.  The  adopter  eontaiiuDr  the 
9C  •    and    after    the  **^^~^"  ^****y  ^  *^*'  retort*— rf.  Beak  of  the  retort. 

lapse  of  four  hours  the  experiment  was  stopped,  when  the  follow- 
ing were  the  results.  The  eggs,  at  the  bottom  of  the  adopter,  were 
bathed  in  a  transparent  fluid,  the  product  of  distillation.  They  had 
become  tumid  as  in  pure  water,  but  had  undergone  no  develop- 
ment The  eggs,  near  the  beak  of  the  retort,  were  similarly  cir- 
cumstanced, but  all  were  readily  fecundated  by  the  thick  sperm, 
which  remained  at  the  bottom  of  the  retort  No  aura,  no  emana- 
tion from  the  sperm  appeared  consequently  to  be  capable  of  im- 
pregnating these  ova.     Absolute  contact  was  indispensable. 

This  is  probably  the  case  with  the  human  female,  and  if  so,  the 
sperm  must  proceed  from  the  uterus  along  the  Fallopian  tube  to 
the  ovarium.  The  common  opinion  is,  that,  during  the  intense  ex- 
citement at  the  time  of  copulation,  the  tube  is  raised,  and  its  digi- 
tated extremity  applied  to  the  ovarium.  The  sperm  then  proceeds 
along  it,— «in  what  manner  impelled  we  know  not, — ^and  attains 
the  ovary.  Haller  states,  that  by  injecting  the  vessels  of  the 
tube  in  the  dead  body,  it  has  assumed  this  kind  of  action.  Ds 
Graaf,  too,  affirms,  that  he  has  found  the  fimbriated  extremity 
adhering  to  the  ovary,  twenty-seven  hours  after  copulation ;  and 
Maoendis,  that  he  has  seen  the  extremity  of  the  tube  applied  to 
a  vesicle. 

As  the  aura  seminis  appears  to  be  insufficient  for  impregnation, 
it  is  obviously  a  matter  of  moment,  that  the  sperm  should  be  eja- 
culated as  high  up  into  the  vagina  as  possible.  It  has  been  often  ob- 
served, that  where  the  orifice  of  the  urethra*  floes  not  open  at  the 
extremity  of  the  glans,  but  beneath  the  penis,  or  at  some  distance 
from  the  point,  the  individual  has  been  rendered  less  capable  of 
procreation.  In  a  case  that  fell  under  the  care  of  the  author,  the 
urethra  was  opened  opposite  the  corona  glandis  by  a  sloughing 
syphilitic  sore,  and  the  aperture  continued,  in  spite  of  every  efibrt 
to  the  contrary.  The  individoal  was  married,  and  the  father  of 
three  or  four  children ;  but  after  this  occurrence  he  had  no  increase 
of  his  family.  Many  medico-legal  writers  have  considered,  that 
when  the  urethra  terminates  at  some  other  than  its  natural  situa- 
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tioD,  impotence  is  the  necessary  result,— -that  although  copulation 
may  be  efTected,  impregnation  is  impracticable.  Zacchias,  how- 
ever, gives  a  positive  case  to  the  contrary.  Bslloc,  too,  asserts, 
that  he  knew  a  person,  in  whom  the  orifice  of  the  urethra  termi- 
nated at  the  root  of  the  fraenum,  who  had  four  children,  that  re- 
sembled the  father,  two  having  the  same  malformation ;  and  Dr. 
Francis  refers  to  the  case  of  an  inhabitant  of  New  York,  who, 
under  similar  circumstances,  had  two  children.  We  cannot,  there- 
fore, regard  it  as  an  absolute  cause  of  impotence,  but  the  inference 
is  just,  that  if  the  semen  be  not  projected  far  up  into  the  vagina, 
and  in  the  direction  of  the  os  uteri,  impregnation  is  not  likely  to 
be  accomplished ;  a  fact,  which  it  might  be  of  moment  to  bear  in 
mind,  where  the  rapid  succession  of  children  is  an  evil  of  magni- 
tude. 

The  part,  then,  to  which  the  semen  is  applied  is  the  ovary. 
Let  us  now  inquire  into  the  changes  experienced  by  this  body  after 
a  fecundating  copulation. 

Fabricius  ab  Acquapendente,  having  killed  hens  a  short  time 
after  they  had  been  trodden,  examined  their  ovaries,  and  observ- 
ed,— amongst  the  small  yellow,  round,  granula,  arranged  racemi- 
ferously,  which  constitute  those  organs, — one  having  a  small  spot, 
in  which  vessels  became  developed.  This  increased  in  size,  and 
was  afterwards  detached,  and  received  by  the  oviduct;  becoming 
covered,  in  its  passage  through  that  tortuous  canal  and  the  cloaca, 
by  particular  layers,  especially  by  the  calcareous  envelope;  and 
being  ultimately  extruded  in  the  form  of  an  egg.  Harvey,  in 
hi^  experiments  on  the  doe,  made  similar  observations.  He  af- 
firms, positively,  that  the  ovary  furnishes  an  ovum,  and  that  the 
only  difference,  which  exists  amongst  animals  in  this  respect,  is, 
that,  in  some,  the  ovum  is  hatched  after  having  been  laid,  whilst^ 
ia  others,  it  is  deposited  in  a  reservoir— -a  womb-— where  it  under- 
goes successive  changes. 

De  Graaf  instituted  several  experiments  on  rabbits,  for  the 
purpose  of  detecting  the  series  of  changes  in  the  organs  from 
conception  till  delivery.  Half  an  hour  after  copulation,  no  al- 
teration was  perceptible,  except  that  the  cornua  of  the  uterus 
appeared  a  little  redder  than  usual.  In  six  hours,  the  coverings 
of  the  ovarian  vesicles,  or  vesicles  of  De  Graaf,  seemed  reddish. 
At  the  expiration  of  a  day  from  conception,  three  vesicles  in  one 
of  the  ovaries,  and  five  in  the  other,  appeared  changed,  having 
become  opaque  and  reddish.  After  twenty-seven,  forty,  and 
fifty  hours,  the  cornua  of  the  uterus  and  the  tubes  were  very 
red,  and  one  of  the  tubes  had  laid  hold  of  the  ovary;  a  vesicle  was 
in  the  tube,  and  two  in  the  right  cornu  of  the  uterus.  These  vesi- 
cles were  as  large  as  mustard  seed.  They  were  formed  of  two 
membranes,  and  were  filled  by  a  limpid  fluid.  On  the  fourth 
day,  the  ovary  contained  only  a  species  of  envelope,  called,  by 
Ss  Graaf,  a  follicle:  this  appeared  to  be  the  capsule  that  bad 
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contained  the  oyuni.  The  ovum  itself  was  in  the  cavity  of  the 
uterus,  had  augmented  in  size,  and  its  two  envelopes  were  very 
distinct  Here  it  remained  loose  until  the  seventh  day,  when 
it  formed  an  adhesion  to  the  uterus.  On  the  ninth  day,  De  Gbaaf 
observed  a  small  opaque  point,  a  kind  of  cloud,  in  the  transparent 
fluid  that  filled  the  ovum.  On  the  tenth  day,  this  point  had  the 
shape  of  a  small  worm.  On  the  eleventh,  the  embryo  was  clearly 
perceptible;  and  from  this  period  it  underwent  its  full  develop- 
ment, until  the  thirty-first  day,  when  delivery  took  place. 

Malpiohi  and  Vallisnieri  also  observed,  in  their  experiments, 
that  after  a  fecundating  copulation,  a  body  is  developed  at  the  sur- 
face of  the  ovary,  which  subsequently  bursts,  and  suffers  a  smaller 
body  to  escape.  This  is  laid  hold  of  by  the  tube,  and  conveyed 
by  it  to  the  uterus.  It  is  not,  however,  universally  admitted, 
that  this  body  is  the  impregnated  ovum;  some  affirming,  that  it  is  a 
sperm  similar  to  that  of  the  male;  and  others,  that  it  is  an  amor- 
phous substance,  which,  after  successive  developments,  becomes  the 
new  individual. 

Haller  exposed  the  females  of  sheep  and  of  other  animals  to 
the  males,  on  the  same  day;  and  killed  them  at  different  periods 
after  copulation,  for  the  purpose  of  detecting  the  whole  series  of 
changes,  by  which  the  vesicle  is  detached  from  the  ovary  and  con- 
veyed to  the  uterus. 

Half  an  hour  after  copulation,  one  of  the  vesicles  of  the  ovary  ap- 
peared to  be  prominent;  to  have  on  its  convexity  a  red,  bloody  spot, 
and  to  be  about  to  break;  in  an  hour  or  more,  the  vesicle  gave 
way,  and  its  interior  seemed  bleeding  and  inflamed.  What  remained 
of  the  vesicle  in  the  ovary,  and  appeared  to  be  its  envelope,  gradu- 
ally became  inspissated,  and  converted  into  a  body  of  a  yellowish 
colour,  to  which  Haller  gave  the  name  corpus  luteum.  The  cleft, 
by  which  the  vesicle  escaped,  was  observable  for  some  time,  but, 
about  the  eighth  day,  it  disappeared.  On  the  twelfth  day,  the  cor- 
pus luteum  became  pale  and  began  to  diminish  in  size.  This  it 
continued  to  do  until  the  end  of  gestation;  and  ultimately  became 
a  small,  hard,  yellowish  or  blackish  substance,  which  could  always 
be  distinguished  in  the  ovarium,  by  the  cicatrix  left  by  it.  Its  size 
was  greater  the  nearer  the  examination  was  made  to  the  period 
of  conception.  In  a  bitch,  for  example,  on  the  tenth  day,  it  was 
half  the  size  of  the  ovary;  yet  it  proceeded  in  that  case,  from  one 
vesicle  only.  In  multiparous  animals,  as  many  corpora  lutea  ex- 
isted as  foetuses. 

The  experiments  of  Haller  have  been  frequently  repeated  and 
with  similar  results.  Maoendie,  whose  trials  were  made  on  bitches, 
observed  that  the  largest  vesicles  of  the  ovary  were  greatly  augment- 
ed in  size,  thirty  hours  after  copulation;  and  that  the  tissue  of  the 
ovary,  surrounding  them,  had  acquired  greater  consistence,  had 
changed  colour,  and  become  of  a  yellowish-gray.  This  part  was 
the  corpus  luteum.     It  increased  for  the  next  three  or  four  days 
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as  well  as  the  yesicles;  and  seemed  to  eontaioi  in  its  areola^  a  whiia^ 
opaque  fluid,  similar  to  milk.  The  yesieles  now  successively  rup- 
tured the  external  coat  of  the  ovary,  and  passed  to  the  surface  of 
the  organ,  still  adhering  to  it,  however,  by  one  side.  Their  size 
was  sometimes  that  of  a  common  hazelnut,  but  no  germ  was  per- 
ceptible in  them.  The  surface  was  smooth,  and  the  interior  filled 
with  fluid.  Whilst  they  were  passing  to  the  uterus,  the  corpus 
luteum  remained  in  the  ovary,  and  underwent  the  changes  referred 
to  by  Haller. 

In  similar  experiments,  instituted  by  MM.  PESVosrand  Dumas, 
no  change  was  perceptible  in  the  ovary  during  the  first  day  after 
fecundation;  bu^  on  the  second  day,  several  vesicles  enlarged,  and 
continued  to  do  so  for  the  next  four  or  five  days,  so  that,  from  bet- 
ing two  or  three  millimetres  in  diameter,  they  attained  a  diameter 
of  eight  From  the  sixth  to  the  eighth  day,  the  vesicles  bursty 
and  allowed  an  ovule  to  emerge,  which  often  escaped  observation, 
owing  to  its  not  being  more  than  half  a  millimetre  in  diameter, 
but  was  clearly  seen  by  MM.  Pbevost  and  Dumas  by  the  aid  of 
the  microscope.  This  part  they  term  ovule^  in  contradistinction 
to  that  developed  in  the  ovary,  which  they  call  vesicle.  The  latter 
has  the  appearance  at  its  surface,  of  a  bloody  cleft,  into  which  a 
probe  may  be  passed;  and  in  this  way  it  can  be  shown,  that  the 
vesicle  has  an  interior  cavity,  which  is  the  void  space  left  by  the 
ovule  after  its  escape  from  the  ovarium  into  the  Fallopian  tube. 
On  the  eighth  day,  in  the  bitch,  the  ovule  passes  into  the  uterus. 
All  the  ovules  do  not,  however,  enter  that  cavity  at  the  same  time; 
an  interval  of  three  or  four  days  sometimes  occurring  between 
them.  When  they  attain  the  uterus,  they  are  at  first  free  and 
floating;  and,  if  examined  with  a  microscope  magnifying  twelve 
diameters,  they  seem  to  consist  of  a  small  vesicle,  filled  with  an 
albuminous,  tranqiarent  fluid.  If  examined  in  water,  their  up- 
per surface  has  a  mammiform  appearance,  with  a  white  spot  on 
the  side.  This  is  the  cicatricula.  These  ovules  speedily  aug- 
ment in  size,  and  on  the  twelfth  day  foetuses  can  be  recognised  in 
them. 

From  these  facts,  then,  we  may  conclude,  that  the  sperm  excites 
the  vesicles  in  the  ovaria  to  development;  that  the  ova,  within 
them,  burst  their  covering,  are  laid  hold  of  by  the  Fallopian  tube, 
and  conveyed  to  the  uterus,  where  they  remain  during  the  period 
of  gestation. 

The  exact  time,  required  by  the  ovum  or  ova  to  make  their 
way  into  the  uterus,  has  not  been  accurately  determined.  Cbuik- 
SHANK  found,  that  in  rabbits  forty-eight  hours  were  necessary. 
Haiohton  divided  one  of  the  Fallopian  tubes  in  a  rabbit;  and, 
having  exposed  the  animal  to  the  male,  he  observed,  that  gesta- 
tion occurred  only  on  the  sound  side.  On  making  this  section  after 
copulation,  he  found,  that  if  it  were  executed  within  the  two  first 
days,  the  descent  of  the  ovule  was  prevented;  but  if  it  were  de- 
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layed  for  Axij  hours,  the  orula  had  passed  through  the  tube  atul 
were  ia  the  cavity  of  the  uterus.  A  case,  too,  is  quoted  by  writers 
on  this  subject,  on  the  authority  of  a  surgeon  named  BtrssiEREs, 
who  obserred  an  ovoid  sac,  about  the  size  of  a  hazelnut  and  con- 
taining an  embryo,  half  in  the  Fallopian  tube  and  half  adherent 
to  the  ovary. 

The  minuteness  of  the  calibre  of  the  Fallopian  tube  is  not  as 
great  a  stumbling-block  in  the  way  of  understanding  how  this  pas- 
sage is  effected,  as  might  appear  at  first  sight.  The  duct  is,  doubt* 
less,  extremely  small  in  tlie  ordinary  state;  but  it  admits  of  con- 
siderable dilatation.  Magendie  asserts,  that  he  once  found  it  half 
an  inch  in  diameter. 

The  period,  that  elapses  between  a  fecundating  copulation  and 
the  passage  of  the  ovum  from  the  ovarium  to  the  uterus,  is  different 
in  different  animals.  In  rabbits,  it  occurs  on  the  third  day  after  co- 
pulation; in  bitches  on  the  fifth,  and  in  the  human  female,  perhaps, 
about  the  same  time.  Maygrier  refers  to  a  case  of  abortion  twelve 
days  after  copulation;  the  abortment  consisting  of  a  vesicle,  shaggy 
on  its  surface  and  filled  by  a  transparent  fluid. 

But  the  most  instructive  case  that  we  possess  on  this  subject  is 
given  by  Sir  Everard  Home.  A  servant  maid,  twenty-one  years 
of  age,  had  been  courted  by  an  officer,  who  had  promised  her  mar- 
riage, in  order  that  he  might  more  easily  accomplish  his  wishes. 
She  was  but  little  in  the  habit  of  leaving  home,  and  had  not  done 
so  for  several  days,  when  she  requested  a  fellow  Servant  to  remain 
in  the  house,  as  she  was  desirous  of  calling  upon  a  friend,  and 
should  be  detained  some  time.  This  was  on  the  seventh  of  Janu- 
ary, 1817.  After  an  absence  of  several  hours  she  returned  with  a 
pair  of  new  corsets  and  other  articles  of  dress  which  she  had  pur- 
chased. In  the  evening  she  got  one  of  the  maid  servants  to  assist 
her  in  trying  on  the  corsets.  .  In  the  act  of  lacing  them,  she  com- 
plained of  considerable  general  indisposition,  which  disappeared  on 
taking  a  little  brandy.  Next  day  she  was  much  indisposed.  This 
was  attributed  to  the  catamenia  not  having  made  their  appearance, 
although  the  period  had  arrived.  On  the  following  day,  there  was 
a  wildness  in  her  manner,  and  she  appeared  to  suffer  great  mental 
distress.  Fever  supervened,  which  confined  her  to  bed.  On  the 
13th  she  had  an  epileptic  fit,  followed  by  delirium,  which  conti- 
Qaed  till  the  15th,  when  she  expired  in  the  forenoon.  On  making 
inquiries  of  her  fellow  servants,  many  circumstances  were  men- 
tioned, which  rendered  it  highly  probable,  that  on  the  morning  of 
the  7th,  when  she  was  immediately  on  the  point  of  menstruating, 
her  lover  had  succeeded  in  gratifying  his  desires;  and  that  she  had 
become  pregnant  on  that  day,  so  that,  when  she  died,  she  was  in 
the  seventh  or  eighth  day  of  impregnation.  Dissection  showed 
the  uterus  to  be  much  larger  than  in  the  virgin  state  and  conside- 
rably more  vascular.  On  accurately  observing  the  right  ovarium, 
in  company  with  Mr.  Clift,  Sir  Everard  noticed,  upon  the  most 
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prominent  part  of  its  outer  surface,  a  small  n^ged  ortfiee.  This 
induced  him  to  make  a  longitudinal  incision  in  a  line  close  to  thi9 
orifice,  when  a  canal  was  found,  leading  to  a  cavity  filled  with  coa- 
gulated blood  and  surrounded  by  a  narrow  yellow  margin,  in  the 
structure  of  which  the  lines  had  a  zig-zag  appearance.  The  cavity 
of  the  uterus  was  then  opened,  by  making  an  incision  through  the 
coats  from  each  angle;  and  from  the  point  where  these  incisions 
met,  a  third  incision  was  continued  down  through  the  os  uteri  to 
the  vagina*  The  os  uteri  was  found  completely  blocked  up  by  a 
plug  of  mucus,  so  that  nothing  could  have  escaped  by  the  vagina^ 
the  orifices,  leading  to  the  Fallopian  tubes,  were  both  open,  and 
the  inner  surface  of  the  cavity  of  the  uterus  was  composed  of  a 
beautiful  efflorescence  of  coagulable  lymph  resembling  the  most 
delicate  moss.  By  attentive  examination.  Sir  Hverard  discovered 
a  small,  spherical,  transparent  body  concealed  in  this  efflorescence^ 
which  was  the  impregnated  ovum.  This  was  submitted  to  the  mi- 
croscopic powers  of  Mr.  Bauer,  who  made  various  drawings  of  it, 
and  detected  two  projecting  points,  which  were  considered  to  mark 
out,  even  at  this  early  period,  and  before  the  ovum  was  attached 
to  the  uterus,  the  seat  of  the  brain  and  spinal  marrow.  This  case 
shows,  that  an  ovum  had  left  the  ovarium,  and  that  it  was  in  the 
interior  of  the  uterus,  prior  to  the  seventh  or  eighth  day  after  im- 
pregnation. 

But  it  has  been  asked,  is  it  a  mere  matter  of  chance,  which  of 
the  ovarian  vesicles  shall  be  fecundated;  or  are  there  not  some 
one  or  more  that  are  riper  than  the  rest,  and  that  receive,  by  pre- 
ference, the  vivifying  influence  of  the  sperm?  MM.  Prbvost  and 
Dumas  have  shown  that  such  is  the  case  with  oviparous  animals. 
They  found,  in  their  experiments,  that  not  only  were  the  vesicles 
of  the  ovaries  of  frogs  of  different  sizes,  but  that  the  largest  were 
always  first  laid,  whilst  the  smallest  were  not  to  be  deposited  until 
subsequent  years.  In  all  the  animals,  whose  eggs  were  fecundated 
externally,  they  seemed  evidently  prepared  or  maturated.  We 
have,  too,  the  most  indubitable  evidence  that  birds — although  un- 
questionable virgins — will  lay  infecund  eggs.  Analogy  would  lead 
us  to  believe  that  something  similar  may  happen  to  the  viviparous 
animal,  and  direct  observation  has  confirmed  the  position.  Not 
longer  ago  than  the  year  1808  the  existence  of  corpora  lutea  in  the 
ovaria  was  held  to  be  full  proof  of  impregnation.  In  that  yesff 
Charles  Angus,  Esq.  of  Liverpool,  England,  was  tried  at  the 
Lancaster  Assizes,  for  the  murder  of  a  Miss  Burns,  a  resident  of 
his  house.  The  symptoms,  previous  to  her  decease,  and  the  ap- 
pearances observed  on  dissection,  were  such  as  to  warrant  the  sus- 
picion that  she  had^been  poisoned.  The  uterine  organs  were  also 
found  to  be  in  such  a  state  as  to  induce  a  belief,  that  she  had  been 
delivered  a  short  time  before  her  death  of  afo&tus,  which  had  near- 
ly arrived  at  maturity.  It  was  not,  however,  until  after  the  trial, 
that  the  ovaria  were  examined,  in  the  presence  of  a  number  of 
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physicians,  and  a  corpus  luteum  was  distinctly  perceived  in  one 
of  them.  The  uterus  was  taken  to  London  and  shown  to  seyeral  of 
the  most  eminant  practitioners  there,  all  of  whom  appear  to  have 
considered  that  the  presence  of  a  carpus  luteum  proved  the  fact 
of  pregnancy  beyond  a  doubt  Such,  indeed  is  the  positive  aver- 
ment of  Haixbh,  an  opinion  which  was  embraced  by  Haiohton, 
who  maintained  that  they  furnish  *^  incontestable  proof  of  pre- 
rious  impregnation.  It  was  this  belief,  coupled  with  the  fact,  that 
division  of  the  Fallopian  tubes,  in  his  experiments,  prevented  im- 
pregnation, whilst  corpora  lutea  were  found,  notwithstanding,  in 
the  ovary,  which  led  him  to  the  strange  conclusion,  that  the  semen 
penetrates  no  farther  than  the  uterus,  and  acts  upon  the  ovaria  by 
sjrmpathy. 

Sir  Eterabb  Home  has  satisfactorily  shown,  that  corpora  lutea 
exist  independently  of  impregnation.  **  Upon  examining,''  says 
he,  ^<the  ovaria  of  seyeral  women,  who  had  died  virgins,  and  in 
whom  the  hymen  was  too  perfect  to  admit  of  the  possibility  of  im- 
pregnation, there  were  not  only  distinct  corpora  lutea,  but  also 
small  cavities  round  the  edge  of  the  ovarium,  evidently  left  by 
ova,  that  had  passed  out  at  some  former  period;''  and  he  affirms, 
that  whenever  a  female  quadruped  is  in  heat,  one  or  more  ova  pass 
from  the  ovarium  to  the  uterus,  whether  she  receives  the  male  or 
not 

This  view  of  the  subject  appears  to  have  been  first  propounded 
by  Blvmbnbach,  in  the  Transactions  of  the  Royal  Society  of 
Odltingen,  in  which  he  remarks,  that  the  state  of  the  ovaria  of 
females,  who  have  died  under  strong  sexual  passion,  has  been 
found  similar  to  that  of  rabbits  during  heat ;  and  he  affirms,  that  in 
the  body  of  a  young  woman,  eighteen  years  of  age,  who  had  been 
brought  up  in  a  convent,  and  had  every  appearance  of  being  a  vir- 
gin, Vallisnieri  found  five  or  six  vesicles  pushing  forward  in  one 
ovarium,  and  the  corresponding  Fallopian  tube  redder  and  larger 
than  usual,  as  he  had  frequently  observed  in  animals  during  heat 
BoNET,  he  adds,  gives  the  history  of  a  young  lady,  who  died  ve- 
hemently in  love  with  a  man  of  low  station,  and  whose  ovaria  were 
turgid  with  vesicles  of  great  size. 

BuTFON,  again,  maintained,  that  instead  of  the  corpus  luteum  of 
Haller  being  the  remains  of  the  ovule  it  is  its  rudiment ;  and  that 
the  corpus  exists  prior  to  fecundation,  as  he  also  found  it  in  the 
virgin.  Lastly,  Dr.  Blundell  states,  that  he  has  in  his  possession 
a  preparation,  consisting  of  the  ovaries  of  a  young  girl,  who  died 
of  chorea  under  seventeen  years  of  age,  with  the  hymen,  which 
nearly  closed  the  entrance  of  the  vagina,  unbroken.  In  these  ova- 
ries the  corpora  lutea  are  no  fewer  than  four ;  two  of  them  bei^  a 
little  obscure,  but  easily  perceptible  by  an  experienced  eye.  The 
remaining  two  are  very  distinct,  and  differ  from  the  corpus  luteum 
of  genuine  impregnation  merely  by  their  more  diminutive  size  and 
the  less  extensive  vascularity  of  the  contiguous  parts  of  the  ovary. 
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"In  every  other  respect,"  says  Dr.  Bldhdxll,  "in  colour  snd 
form,  and  the  cavity  which  they  contaio,  their  appearance  is  per- 
fectly natural,  indeed,  so  much  to,  that  I  occasiooally  circulate 
them  in  the  class-room,  as  accurate  specimens  of  the  luteum  upon 
the  small  scale." 

In  a  paper,  published  id  the  sixth  volume  of  the  TVansactioru 
of  the  College  of  Physicians  of  London,  Mr.  Stakley  confirms 
the  fact  of  the  corpora  lutea  of  virgins,  being  of  smaller  size  than 
those,  that  are  the  consequences  of  impregnation. 

The  structurQ  of  the  corpus  luteum  is  of  a  peculiar  kind,  and 
is  not  distinctly  seen  in  small  animals  or  in  those  that  have  nu- 
merous litters ;  but  in  the  cow,  which  commonly  has  only  one  calf 
at  a  birth,  it  is  so  large,  according  to  Sir  Everard  Home,  that, 
when  magnified,  the  structure  can  be  made  out  It  is  a  mass  of 
thin  convolutions  bearing  a  greater  resemblance  to  those  of  the 
brain  than  of  any  other  organ.  Its  shape  is  irregularly  oval,  with 
a  central  cavity,  and,  in  some  animals,  its  substance  is  of  a  bright 
orange  colour,  when  first  exposed.  The  corpora  lutea  are  found 
to  make  their  appearance  immediately  after  puberty,  and  they  con- 
tinue to  succeed  each  other,  as  the  ova  are  expelled,  till  the  period 
arrives  when  impregnation  can  no  longer  be  accomplished.  Sir 
Etsrard's  theory,  regarding  these  bodies,  is,  that  they  are  glands, 
formed  purposely  for  the  production  of  ova, — that  they  exist  pre- 
vious to,  and  are  unconnected  with,  sexual  intercourse, — and,  when 
they  have  fulfilled  their  oflSce  of  forming  ova,  they  are  removed  by 
absorption  whether  the  ova  be  fecundated  or  not. 

Fig.  139. 


Figures,  139,  a  and  ft,  afford  an  external  and  internal  view  of 
a  human  ovary,  that  did  not  contain  the  ovum,  from  which  a 
child  had  been  developed.  It  wap  taken  immediately  after  the 
child  was  bom.  The  corpus  luteum  is  nearly  of  the  full  size. 
a  and  b.  Fig.  140,  afford  an  external  aad  internal  view  of  an  ora- 
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riuDi,  ID  which  the  impregnated  ovum  had  been  formed.  The 
latter  figure  exhibits  how  much  the  corpus  ]utenm  had  been  broken 
down.     In  it  we  see  a  new  corpus  luteum  forming. 

Fig.  140. 


From  all  these  facts,  then,  we  are  perhaps  justified  in  concluding 
with  Sir  Eterard  Hohe,  and  Messrs.  Blundell,  SaumabBz, 
Ctmss,  and  tbe  generality  of  physiologists,  that  the  corpus  luteum 
may  be  produced  independently  of  sexual  intercourse,  by  the  mere 
excitement  of  high  carnal  desire,  during  which  it  is  probable,  that 
the  digitated  extremity  of  the  Fallopian  tube  embraces  the  ovary, 
a  vesicle  bursts  its  covering,  and  a  corpus  luteum  remains;  the 
vesicle  being  conveyed  along  the  tube  into  the  uterus,  but,  being 
infeeund,  undergoing  no  farther  development  there;  so  that  un- 
impregnated  ova  may,  under  such  circumstances,  be  discharged  as 
we  observe  in  the  oviparous  animal. 

We  have  now  endeavoured  to  demonstrate  the  part  performed 
by  the  two  sexes  in  fecundation.  We  have  seen  that  the  material 
furnished  by  the  male  is  the  sperm ;  that  afforded  by  the  female 
an  ovum.  The  most  difficult  topic  of  inquiry  yet  remains, — how 
the  new  individual  results  from  their  commixture?  Of  the  nature 
of  this  mysterious  process  we  are,  indeed,  profoundly  ignorant; 
and  if  we  could  make  any  comparison  between  the  extent  of  our 
ignorance  on  the  different  vital  phenomena,  we  should  be  dis- 
posed to  decide  that  the  function  of  generation  is  the  least  intelli- 
gible. The  new  being  must  be  stamped  instantaneously,  as  by  the 
die.  From  the  very  moment  of  the  admixture  of  the  materials,  at 
a  fecundating  copulation,  the  embryo  must  have  within  it  the 
powers  necessary  for  its  own  formation,  and  under  impulses,  com- 
municated by  each  parent, — as  regards  likeness,  hereditary  predis- 
poaitions,  &c.  From  this  moment  Uie  father  has  no  communication 
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with  it;  yet  we  know,  that  it  will  resemble  him  in  its  features  and 
in  its  predispositions  to  certain  morbid  states, — ^whilst  the  mother 
probably  exerts  but  a  slight  and  indirect  control  over  it  after- 
wards, her  office  being  chiefly  to  furnish  the  homunculus  with  a 
nidus,  in  which  it  may  work  its  own  formation,  and  with  the  ne- 
cessary pabulum.  We  hare  seen,  that  even  so  early  as  the  seventh 
or  eighth  day  after  fecundation,  two  projecting  points  are  observed 
in  the  ovum,  which  indicate  the  future  situations  of  the  heart  and 
brain. 

Our  want  of  acquaintance  with  the  precise  character  of  this  im- 
penetrable mystery  will  not,  however,  excuse  us  from  passing  over 
some  of  the  ingenious  hypotheses,  that  have  been  entertained  on 
the  subject  These  have  varied  according  to  the  views  that  have 
prevailed  respecting  the  nature  of  the  sperm ;  and  to  the  opinions 
indulged  regarding  the  matter  furnished  by  the  ovary.  Drelif- 
couBT,  who  died  in  1697,  collected  as  many  as  two  hundred  and 
sixty  hypotheses  of  generation ;  but  they  may  all,  perhaps,  be 
classed  under  two, — the  system  of  epigenesis  and  that  of  evo- 
lution. 

1.  Epigenesis. — According  to  this  system,  which  is  the  most 
ancient  of  all,  the  new  being  is  conceived  to  be  wholly  constituted 
of  materials  furnished  by  both  sexes,  the  particles  composing  these 
materials  having  previously  possessed  the  arrangement  necessary 
for  constituting  it,  or  having  suddenly  received  such  arrangement 
Still  it  is  requisite  that  these  particles  should  have  some  controlling 
agent  to  regulate  their  affinity,  difierent  from  any  of  the  ordinary 
forces  of  matter;  and  hence  a  force  has  been  imagined  to  exist,  which 
has  been  termed  cosmic,  plastic j  essential,  nisus  /ormativus, — 
the  Bildungstriebof  the  Germans,— :/brce  qf formation,  &c. 

Hippocrates  maintained,  that  each  of  the  two  sexes  possesses 
two  kinds  of  seed,  formed  by  the  superfluous  nutriment,  and  by 
fluids  constituted  of  materials  proceeding  from  all  parts  of  the 
body,  and  especially  from  the  most  essential, — the  nervous.  Of 
these  two  seeds,  the  stronger  begets  males,  the  weaker  females.  In 
the  act  of  generation,  these  seeds  become  mixed  in  the  uterus,  and 
by  the  influence  of  the  heat  of  that  organ,  they  form  the  new  in- 
dividual, by  m  kind  of  animal  crystallization,  male  or  female,  ac- 
cording to  the  predominance  of  the  stronger  or  the  weaker  seed. 

Aristotle  thought  that  it  is  not  by  seed  that  the  female  parti- 
cipates in  generation,  but  by  the  menstrual  blood.  This  blood  he 
conceived  to  be  the  basis  of  the  new  individual,  and  the  principles 
furnished  by  the  male,  to  communicate  to  it  the  vital  movement, 
and  to  fashion  it 

Empedocles,  Epicurus,  and  various  other  ancient  physiolo- 
gists, contended,  that  the  male  and  female  respectively  contribute 
a  seminal  fluid,  which  equally  co-operates  in  the  generation  and 
development  of  the  foetus,  and  that  it  belongs  to  the  male  or  fe- 
male sex,  or  resembles  more  closely  the  father  or  the  mother,  ae* 
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cording  as  the  orgasm  of  the  one  or  the  other  predominates^  or  is 
accompanied  by  a  more  copious  discharge: — 

**  Semper  enim  partus  duplici  de  semine  constat; 
Atqoe  utrique  simile  est  magps  id  quodcumque  creatur." 

LucsiT.  lib.  iv. 

Lactantius^  in  quoting  the  views  of  Abistotle  on  generation, 
fancifully  affirms^  that  the  right  side  of  the  uterus  is  the  proper 
chamber  of  the  male  foetus,  and  the  left  of  the  female, — a  belief, 
which  appears  to  be  still  prevalent  amongst  the  vulgar,  in  many 
parts  of  Great  Britain.  But,  he  adds,  if  the  male  or  stronger  semen 
should,  by  mistake,  enter  ttie  left  side  of  the  uterus,  a  male  child 
may  still  be  conceived ;  yet  as  it  occupies  the  female  department, 
its  voice,  face,  &c.  will  be  effeminate.  On  the  contrary,  if  the 
weaker  or  female  seed  should  flow  into  the  right  side  of  the  uterus, 
and  a  female  foetus  be  eogendered,  it  will  exhibit  evidences  of  a 
masculine  character. 

The  idea  of  Aristotle,  with  regard  to  the  menstrual  blood,  has 
met  with  few  partisans,  and  is  undeserving  of  notice.  That  of 
Hippocrates,  notwithstanding  the  objections  which  we  now  know 
to  apply  to  it, — that  the  female  furnishes  no  sperm,  and  that  the 
ovaria  are  probably  in  no  respects  analogous  to  the  testes  of  the 
male, — has  had  numerous  supporters  amongst  the  moderns,  being 
modified  to  suit  the  scientific  ideas  of  the  time,  and  of  the  indivi- 
dual. Descartes,  for  example,  considered  the  new  being  to  arise 
from  a  kind  of  fermentation  of  the  seed,  furnished  by  both  sexes. 
Pascal,  that  the  sperm  of  the  male  is  acid,  and  that  of  the  fe- 
male alkaline;  and  that  they  combine  to  form  the  embryo.  Mau- 
psrtuis  maintained  that,  in  each  seed,  parts  exist,  adapted  for  the 
formation  of  every  organ  of  the  body,  and  that,  at  the  time  of  the 
union  of  the  seed  in  a  fecundating  copulation,  each  of  the  parts  is 
properly  attracted  and  aggregated  by  a  kind  of  crystallization. 

The  celebrated  hypothesis  of  the  eloquent  but  too  enthusiastic 
BuFFON  is  but  a  modification  of  the  Hippocratic  doctrine  of  epi- 
genesis.  According  to  him,  there  exist  in  nature  two  kinds  of 
matter, — the  living  and  the  dead ;  the  former  perpetually  changing 
during  life,  and  consisting  of  an  infinite  number  of  small,  incor- 
ruptible particles,  or  primordial  monads,  which  he  called  organic 
molecules.  These  molecules,  by  combining  in  greater  or  less 
quantity  with  dead  matter,  form' all  organized  bodies;  and,  with- 
out undergoing  destruction,  are  incessantly  passing  from  vegeta- 
bles to  animals,  in  the  nutrition  of  the  latter,  and  are  returned  from 
the  animal  to  the  vegetable  by  the  death  and  putrefaction  of  the 
former.  These  organic  molecules,  during  the  period  of  growth, 
are  appropriated  to  the  development  of  the  individual;  but,  as 
soon  as  he  has  acquired  his  full  size,  the  superfluous  molecules  are 
sent  into  depot  in  the  genital  organs,  each  molecule  being  invested 
with  the  shape  of  the  part  sending  it     In  this  way  he  conceived 
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the  seed  of  both  .sexes  to  be  formed  of  moleouks  obtained  firooi 

every  par^  of  the  system. 

In  tae  commixture  of  the  seeds,  during  a  fecundating  copula- 
tion, the  same  force  that  assimilates  the  organic  molecules  to  the 
parts  of  the  body  for  their  nourishQient  and  increase, — ^and  which 
NfEDHAM  termed  vegetative  foree^ — causes  them,  in  this  hypo- 
thesis, to  congregate  for  the  formation  of  the  new  individual; 
and  according  as  the  molecules  of  the  male  or  female  predomi- 
nate, so  is  the  embryo  male  or  female.  The  ingenuity  of  this 
doctrine  was  most  captivating;  and  it  appeared  so  well  adapted 
for  the  explanation  of  many  of  the  phenomena  of  generation, 
that  it  had  numerous  and  respectable  votaries.  It  accounted  for 
the  circumstance  of  procreation  being  impracticable,  until  the  sys- 
tem had  undergone  its  great  development  at  puberty.  It  explain- 
ed why  excessive  indulgence  in  venery  occasions  emaciation  and 
exhaustion;  and  why,  on  the  other  hand,  the  castrated  animal  is 
disposed  to  obesity, — the  depot  having  been  removed  by  the  mutila- 
tion. The  resemblance  of  the  child  to  one  parent  rather  than  to  the 
other  was  supposed  to  be  owing  to  the  one  furnishing  a  greater  pro- 
portion of  organic  molecules  than  the  other;  and  as  more  males 
than  females  are  born,  the  circumstance  was  ascribed  to  the  male 
being  usually  stronger,  and  therefore  furnishing  a  stronger  seed, 
or  more  of  it. 

Prior  to  this  hypothesis,  Leeuenhoek  had  discovered  what  he 
considered  to  be  spermatic  animalcules  in  the  semen;  but  Bxtffon 
contested  their  animalcular  nature,  and  regarded  them  as  his  vital 
particles  or  organic  molecules;  whilst  he  looked  upon  the  ovarian 
vesicle  as  the  capsule  that  contained  the  sperm  of  the  female.  The 
opinions  of  Buffon  were  slightly  modified  by  Professor  Blumbn- 
BACH  of  65ttingen,  and  by  Dr.  Dabwin.  The  former,  like  Buf- 
fon, divided  matter  into  two  kinds,  possessing  properties  essen- 
tially different  from  each  other; — the  inorganic,  and  the  organized; 
the  latter  possessing  a  peculiar  creative  or  formative  effort,  which 
he  called  Bildungstriebor  nisus  formativuSj — a  principle  in 
many  respects  resembling  gravitation,  and  endowing  every  organ, 
as  so^n  as  it  acquires  structure,  with  a  vita  propria.  This  force  he 
conceived  to  preside  over  the  arrangement  of  the  materials,  fur- 
nished by  the  two  sexes  in  generation. 

Darwin  prefers  to  the  term  organic  molecules  that  of  vital 
germs,  which  he  says  are  of  two  kinds,  according  as  they  are 
secreted  or  provided  by  male  or  female  organs,  whether  animal  or 
vegetable.  In  the  subdivision,  however,  of  the  germs  the  term 
molecule  is  retaine<l;  but  it  is  limited  to  those  of  the  female;  the 
vital  germs  or  particles,  secreted  by  the  female  organs  of  a  bud  or 
flower,  or  the  female  particles  of  the  animal,  being  denominated  by 
him  molecules  with  formative  propensities;  whilst  those  secreted 
from  the  male  organs  are  termed  fibrils  with  formative  appetfen- 
cies.  To  the  fibrils  he  assigns  a  higher  degree  of  organization  than 
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to  the  molecules.  Both,  however,  he  asserts,  have  a  propensity  or 
appetency  to  form  or  create,  and  ^'  they  reciprocally  stimulate  and 
embrace  each  other  and  instantly  coalesce^  and  may  thus  popularly 
be  compared  to  the  double  affinities  of  chymistry.^' 

Subtile  as  these  hypotheses  are,  they  are  open  to  forcible  objec- 
tions of  which  a  few  only  will  suffice.     The  notion  of  this  occult 
force  is  identical  with  that,  which,  we  shall  see  hereafter,  has  pre- 
vailed as  regards  life  in  general  and  leaves  the  subject  in  the  same 
obscurity  as  ever.  What  do  the  terms  plastic^  cosmic^  or  vegeta- 
tive force,  or  Bildungstrieb  express,  which  is  not  equally 
conveyed  by  vital  force, — that  mysterious  property,  on  which  so 
many  unfathomable  processes  of  the  animal  body  are  dependent— 
and  of  the  nature  or  essence  of  which  we  know  al^solutely  nothing? 
The  objection,  urged  against  the  doctrine  of  Hippocrates, — ^that 
we  have  no  evidence  of  the  existence  of  female  sperm,  applies 
equally  to  the  hypotheses  that  have  been  founded  upon  it;  and 
even  were  we  to  grant,  that  the  ovarii! m  is  a  receptacle  for  female 
sperm,  the  idea,  that  such  sperm  is  constituted  of  organic  mole- 
cules, derived  from  every  part  of  the  body,  is  entirely  gratuitous. 
We  have  no  facts  to  demonstrate  the  affirmative;  whilst  there 
are  many  circumstances,  that  favour  the  negative.     The  indivi- 
dual, for  example,  who  has  lost  some  part  of  his  person — nose, 
eye  or  ear,  or  has  had  a  limb  amputated,  still  begets  perfect 
children;  yet  whence   can  the  molecules,  in  such   cases,  have 
been  obtained?     It  is  true  that  if  the  mutilation  afifect  but  one 
parent,  the  organic  molecules  of  the  lost  part  may  still  exist  in  the 
seed  of  the  other;  but  we  ought,  at  least,  to  expect  the  part  to  be 
less  perfectly  formed  in  the  embryo,  which  it  is  not    Where  two 
docked  horses  are  made  to  engender,  tha  result  ought,  a  fortiori, 
to  be  imperfect,  as  the  organic  molecules  of  the  tail  could  not  be 
furnished  by  either  parent,  yet  we  find  the  colt,  in  such  cases,  per- 
fect in  this  appendage.     An  elucidative  case  ib  also  afforded  by  the 
foetus.     If  i;%e  admit  the  possibility  of  organic  molecules  constitut- 
ing those  parts  that  exist  in  the  parents,  how  can  we  account  for 
the  formation  of  such  as  are  peculiar  to  fo&tal  existence.     Whence 
are  the  organic  molecules  of  the  navel-string,  or  of  the  umbilical 
vein,  or  of  the  ductus  venosus,  or  the  ductus  arteriosus,  or  the  umbi- 
lical arteries, — ^all  of  which  have  to  be  described  hereafter, — ob- 
tained? 

These  and  other  objections  have  led  to  the  abandonment  of  the 
theory  of  Buffon,  which  remains  merely  as  a  monument  of  the 
author's  ingenuity  and  elevation  of  fancy. 

2.  Evolution.  According  to  this  theory  the  new  individual 
pre-exists  in  some  shape  in  one  of  the  sexes,  but  requires  to  be 
vivified  by  the  other,  in  the  act  of  generation;  after  which  it  com- 
mences the  series  of  developments  or  evolutions,  which  lead  to  the 
formation  of  an  independent  being. 

The  ^eat  diffisrences  of  sentiment,  that  have  prevailed  under 
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thia  Tiew,  have  been  owing  to  the  part  which  etch  sex  hu  been 
eoDsidered  to  play  in  the  function.  Some  have  conaidered  the  genn 
to  exiat  in  the  ovary,  and  to  require  the  vivifying  infloenee  of  the 
male  sperm  to  cause  its  evolution.  Others  have  conceived  the  male 
aperm  to  contain  the  rudiments  of  the  newbeing,  and  the  female  to 
afibrd  it  merely  a  nidus,  and  pabuhim  during  its  development.  The 
former  class  of  physiologists  have  been  called  <nMir»sfo;—^the  latter 
spermatistSf  seministSf  and  animaleulMis. 

The  ovarists  maintain,  that  the  part  furnished  by  the  female  is 
an  ovum  from  the  ovary;  and  this  ovum  they  conceive  formed  of 
an  embryo  and  of  particular  organs  'for  the  nutrition  and  first  de- 
velopment of  the  embryo;  and  adapted  for  becoming,  after  a  series 
of  changes  or  evolutions,  a  being  similar  to  the  one  whence  it  has 
emanated.  The  hypothesis  was  suggested  by  the  fact,  that  in 
many  animals  but  a  single  individual  is  necessary  for  reproduction; 
and  it  is  easier,  perhaps,  to  consider  this  individual  female  than 
male;  as  well  as  by  what  is  noticed  in  many  oviparous  animals.  In 
these  the  part,  furnished  by  the  female,  is  manifestly  an  ovum  or 
eg«  and  in  many,  such  egg  is  laid  before  the  union  of  the  sexes, 
and  is  fecundated,  as  we  have  seen,  externally.  By  analogy,  the 
inference  was  drawn,  that  this  may  happen  to  the  viviparous  ani- 
mal also. 

The  notion  is  said,  but  erroneously,  to  have  been  first  of  all  ad^ 
vanced  by  Joseph  dx  Aromatariis,  in  his  EpUtola  de  gene- 
ratione  phmtarum  ex  stminibtiSy  published  at  Venice,  in  1625. 
It  was  developed  by  Harvet,  who  strenuously  maintained  the 
doctrine  omne  vivufn  ex  ovo.  The  anatomical  examinations  of 
Stlvtos,  Vesalius,  Fallopius,  Db  Graaf,  Malpiori,  Val- 
LniriBRi  and  others, — by  showing,  that  what  had  been  previously 
regarded  as  female  testes,  and  had  been  so  called,  were  organs 
containing  minute  vesicles  or  ova,  and  hence  termed,  by  Stsno, 
ovariay — were  strong  confirmations  of  this  view,  and  startling 
objections  to  the  ancient  theory  of  epigenesis,  and  the  problem 
appeared  to  be  demonstrated,  when  it  was  discovered,  that  the  ve- 
sicle or  ovum  leaves  the  ovarium  and  passes  through  the  Fallo- 
pian tube  to  the  uterus. 

The  chief  arguments,  that  have  been  adduced  in  favour  of  this 
doctrine  are:— rVr^/.  The  difficulty  of  conceiving  the  formation, 
ab  originej  of  an  organized  body,  as  no  one  part  can  exist  without 
the  simultaneous  existence  of  others.  Secondly.  The  existence  of 
the  germ  prior  to  fecundation  in  many  living  beings.  In  plants, 
for  example,  the  grain  exists  in  a  rudimentai  state  in  the  flower, 
before  the  pollen,  which  has  to  fecundate  it,  has  attained  maturity. 
In  birds,  too,  the  egg  must  pre-exist,  as  we  find  that  those,  which 
have  never  had  intercourse  with  the  male,  can  yet  lay.  This  is 
more  strikingly  manifest  in  many  fishes,  and  in  the  batracia  or 
frog  kind;  where  the  egg  is  not  fecundated  until  after  extrusion. 
Spallanzahi,  moreover,  asserts,  that  he  could  distinguish  the  pre- 
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aence  of  the  Udpole  in  the  unfecundated  ova  of  the  frog;  and  Hal- 
I.BE  that  of  the  chick  in  the  infecund  egg;  at  least  he  has  aeen  them 
containing  the  yolk,  which,  in  hia.view,  is  but  a  dependence  of 
the  intestine  of  the  foetus,  and  if  the  yolk  exists  the  chick  exists 
also.     TVurdiy.  The  fact,  before  referred  to,  that,  in  certain  ani- 
mals, a  single  copulation  is  capable  of  fecundating  several  succes- 
sive generations.     In  these  cases,  it  is  argued,  the  germs  of  the 
diflferent  generations  must  have  existed  in  the  first    Fourthly. 
The  fact  of  natural  and  accidental  encasings  or  emb&itemetUs;  as 
in  the  bulb  of  the  hyacinth,  in  which  the  rudiments  of  the  flower 
are  distinguishable;  in  the  buds  of  trees,  in  which  the  branches, 
leaves,  and  flowers,  have  been  detected  in  miniature,  and  greatly 
convoluted;  in  the  jaws  of  certain  animals,  in  which  the  germs  of 
difierent  series  of  teeth  can  be  detected;  in  the  volvox,  a  transpa- 
rent animal,  which  exhibits  several  young  ones  encased  in  each 
other;  in  the  common  egg,  which  occasionally  has  another  within 
it;  and  in  the  instances  on  record,  in  which  human  foetuses  have 
been  found  in  the  bodies  of  youths,  of  which  there  is  a  striking 
example  in  the  Museum  of  the  Royal  College  of  Surgeons  of  Lon- 
don; and  a  similar  case  in  a  boy,  fourteen  years  of  age,  has  been 
related  by  DupuTTRBir.     Fifthly.  The  fact  of  the  various  meta- 
morphoses, that  take  place  in  certain  animals.    Of  these  we  have 
the  most  familiar  instances  in  the  batracia  and  in  insects.    The 
forms  they  have  successively  to  assume  are  evidently  encased.  In 
the  chrysalis,  the  outlines  of  the  form  of  the  future  butterfly  are 
apparent;  and  in  the  larva  we  observe  those  of  the  chrysalis.  The 
frog  is  also  apparent  under  the  skin  of  the  tadpole.    Sixthly.  The 
fact  of  artificial  fecundation,  which  has  been  regarded,  by  the  ova- 
rists,  as  one  of  the  strongest  proofs  of  their  theory;  the  quantity  of 
sperm  employed,  as  in  the  experiments  of  Spallanzani,  already 
detailed,  being  too  small,  in  their  opinion,  to  assist  in  the  forma- 
tion of  the  new  individual,  except  as  a  vivifying  material.  La$tly. 
They  invoke  the  circumstance  of  partial  reproductions,  of  which 
all  living  bodies  afibrd  more  or  less  manifest  examples; — as  the 
reproduction  of  the  hair  and  nails  in  man;  of  the  teeth  in  the  ro- 
dentia;-— of  the  tail  in  the  lizard;  of  the  elaw  in  the  lobster;  Ae  head 
in  the  snail,  &c.  &c.  All  these  phenomena  are,  according  to  them, 
owing  to  each  part  possessing  within  itself  germs  destined  for  its 
reproduction,  and  requiring  only  favourable  circumstances  for  their 
development.     The  partisans  of  the  doctrine  of  epigenesis,  how- 
ever, consider  these  last  facts  as  opposed  to  the  views  of  the 
ovarists;  and  they  maintain  that  in  such  cases  there  is  throughout 
a  fresh  formation. 

The  chief  objections,  that  have  been  urged  against  the  hypothe- 
sis of  the  ovarists,  are: — First.  The  resemblance  of  the  child  to 
the  fathoN— «  subject  which  we  shall  refer  to  presently.  The  ova- 
rists cannot  of  course  deny  that  such  resemblance  exists;  and  they 
ascribe  it  to  the  modifying  influence  exerted  by  the  male  sperm, 
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but  without  being  able  to  explain  the  nature  of  such  influence* 
They  affirm,  howerer,  that  the  iikeneu  of  the  mother  is  more  fre- 
quent and  evident  Certain  cases  of  resemblance,  it  must  be  ad- 
mitted, are  weighty  stumbling-blocks  to  ovbm,  or  to  the  doctrine 
of  a  pre-existent  germ  in  the  female.  It  is  a  well  known  fact,  that 
six-fingered  men  will  beget  six-fingered  children.  How  can  we 
explain  this  upon  the  principle  of  the  pre-existence  of  the  germ  in 
the  female,  and  of  the  part  played  by  the  male  sperm  being  simply 
that  oC  a  viyificative  agent;  and  must  we  suppose,  in  the  case  of 
monstrosities,  that  such  germs  have  been  originally  monstrous? 
Secondly.  The  production  of  hybrids  is  one  of  the  strongest  coun- 
ter-arguments. They  are  produced  by  the  union  of  the  males  and 
females  of  different  species.  Of  these  the  mule  is  the  most  familiar 
instance — the  product  of  the  ass  and  the  mare.  This  strikingly 
participates  of  the  qualities  of  both  parents,  and,  consequently,  the 

E re-existing  germ  in  the  female  must  have  been  more  than  vivified 
y  the  sexual  intercourse.  Its  structure  must  have  been  altogether 
changed,  and  all  the  germs  of  its  future  ofispring  annihilated,  as  the 
mule  is  seldom  fertile. 

If  a  white  woman  marries  a  negro,  the  child  is  a  mulatto;  and  if 
the  successive  generations  of  this  woman  are  continually  united  to 
negroes,  the  progeny  will  ultimately  become  entirely  black;  or  at 
least  the  white  admixture  will  escape  recognition.     As  a  general 

Erinciple,  the  ofispring  of  different  races  have  an  intermediate  tint 
etween  those  of  the  parents;  and  the  proportions  of  white  and 
black  blood,  ia  different  admixtures,  have  even  been  subjected  to 
calculation,  in  those  countries  where  negroes  are  common.  The 
following  table  represents  these  proportions,  according  to  the  prin- 
eiples  sanctioned  by  custom. 

Parents.  Offspring.  Degree  of  Mixture. 

Negro  and  white,      -       mulatto,        -        -    ^  white,  ^  black. 
White  and  mulatto,  -       terceron,       -        -     |    —     ^    — 

Negro  and  mulatto,  S  grijo,  or  zambo,  ^     i    _  •    _ 

°                        '  i  or  black  terceron,  $     *  ^ 

White  and  terceron,  quarteron,     -        -     -J-  —  |    — 

Negro  and  terceron,  black  quarteron,     -    |   —  |    — 

White  and  quarteron,  quinteron,     -        -  4f  —  tV  — 

Negro  and  quarteron,  black  quinteron,     -  ^^  —  \^  — 

The  two  last  are  considered  to  be  respectively  white  and  black; 
and  of  these  the  former  are  white  by  law  and  consequently  free  in 
the  British  West  India  Islands.  All  these  cases  exhibit  the  great 
influence,  exerted  by  the  father  upon  the  character  of  the  offspring, 
and  are  great  difficulties  in  the  way  of  supposing,  that  the  male 
sperm  is  simply  a  vivifier  of  the  germ  pre-existing  in  the  female. 
Thirdly.  The  doctrine  of  the  ovarists  does  not  account  for  the 
greater  degree  of  fertility  of  cultivated  plants  and  of  domesticated 
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animals.  Fourthly.  The  changes,  induced  by  the  succession  of 
ages  on  the  animal  and  vegetable  species  inhabiting  the  surface  of 
the  globe,  have  been  adduced  against  this  hypothesis. 

In  examining  the  geological  character  of  the  various  strata  that 
compose  the  earth,  it  has  been  observed  by  geologists,  that  many 
of  these  contain  imbedded  the  fossil  remains  of  animals  and  vege- 
tables. Now,  under  the  supposition,  that  those  rocks  on  which 
others  rest  are  the  oldest,  and  that  the  successive  strata  above 
these  are  more  and  more  modern,  it  has  been  found,  that  the 
organic  fossil  remains  in  the  different  strata  differ  more  and 
more  from  the  present  inhabitants  of  the  surface  of  the  globe  in 
proportion  to  the  depth  we  descend ;  and  that  the  remains  of  those 
beings,  that  have  always  been  the  companions  of  man,  are  found 
only  in  the  most  recent  of  the  alluvial  deposites, — in  the  upper 
crust  of  the  earth. 

In  the  older  rocks  the  impressions  are  chiefly  of  the  less  perfect 
plants — as  the  ferns  and  reeds ;  and  of  the  lower  animals— the  re- 
mains of  shells  and  corals ;  whilst  fish  are  uncommon.  In  the 
more  recent  strata,  the  remains  of  reptiles,  birds  and  quadrupeds 
are  apparent;  but  all  of  them  differ  essentially  from  the  exist- 
ing iunds  ;  and  in  none  of  the  formations  of  more  ancient  date  has 
the  fossil  human  skeleton  been  met  with.  The  pretended'  human 
bones,  conveyed  by  Spallanzani  from  the  Island  of  Cerigo — the 
ancient  Cythera — ^are  not  those  of  the  human  species  any  more 
than  the  bones  of  the  Homo  diluvii  testis  of  Scheitchzer  ;  and 
the  skeleton  of  the  savage  Galibi,  conveyed  from  Grtudaloupe  and 
deposited  in  the  British  museum  is  imbedded  in  a  calcareous  earth 
of  modem  formation.  From  these  facts  it  has  been  concluded, 
that  man  is  of  a  date  posterior  to  animals  in  all  countries  where 
fossil  bones  have  been  discovered. 

These  singular  facts,  furnished  by  modern  geological  inquiry, 
have  been  attempted  to  be  explained  by  the  supposition,  that  the 
present  races  of  animals  are  Uie  descendants  of  those,  whose  re- 
mains are  met  with  in  the  rocks,  and  that  their  difference  of  cha* 
racter  may  have  arisen  from  some  change  in  the  physical  consti- 
tution of  the  atmosphere,  or  of  the  surface  of  the  earth,  producing 
a  corresponding  change  on  the  forms  of  organized  beings.  It  has 
been  properly  remarked,  however,  by  Dr.  Fleming,  that  the  ef- 
fect of  circumstances  on  the  appearance  of  living  beings  is  circum- 
scribed within  certain  limits,  so  that  no  transmutation  of  species 
was  ever  ascertained  to  have  taken  place;  whilst  the  fossil  species 
differ  as  much  from  the  recent  kinds,  as  the  last  do  from  each 
other ;  and  he  adds,  that  it  remains  for  the  abettors  of  the  opinion 
to  connect  the  extinct  with  the  living  races  by  ascertaining  the  in- 
termediate links  or  transitions.  This  will  probably  ever  be  im- 
[ practicable.  The  difference,  indeed,  between  the  extinct  and  the 
iving  races  is  in  several  cases  so  extreme,  that  many  naturalists 
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have  preferred  believing  in  the  oecasional  formation  of  new  orga- 
ni2sed  beings.  LnrNJBUs  was  bold  enough  to  a£Bra,  that,  in  hie 
time,  more  species  of  vegetables  were  in  ezistenee  than  in  anti- 
quity^ and  hence,  that  new  vegetable  species  must  necessarily  have 
been  ushered  into  being;  and  Wildsnow  embraced  the  views  of 
Link JBUS*  Lamarck^  one  of  the  most  distinguished  naturalists  of 
the  day,  openly  professes  his  belief,  that  both  animals  and  vege- 
tables are  incessantly  changing  under  the  influence  of  climate,  food, 
domestication,  the  crossing  of  breeds,  &c.,  and  he  remarks,  that  if 
the  species,  now  in  existence,  appear  to  us  fixed  in  their  charac- 
ters, it  is  because  the  circumstances,  that  modify  those  species, 
quire  an  enormous  time  for  action ;  and  would  consequently 
quire  numerous  generations  to  establish  the  fact 

The  manifest  efiect  of  climate,  food,  &c.  on  vegetables  and  ani- 
mals, he  thinks,  precludes  the  possibility  of  denying  those  changes 
on  theoretical  considerations;  and  what  we  call  lost  species  wre^  in 
his  view,  only  the  actual  species  before  they  experienced  modifi- 
cation. 

It  is  proper,  however,  to  observe,  that  the  sculptures  on  the 
wall  of  one  of  the  sepulchres  in  the  valley  of  Beban  el  Molook,  at 
Thebes,  which  is  regarded  by  Champollion  as  having  been  exe- 
cuted upwards  of  two  thousand  years  before  the  Christian  era,  en- 
able the  features  of  the  Jew  and  of  the  negro,  amonsst  others,  to 
be  recognised  as  easily  as  the  representations  of  their  descendants 
of  the  present  day ;  so  that,  for  the  space  of  at  least  three  thousand 
eight  hundred  years,  no  modification  of  the  kind  referred  to  by 
Lamarck  seems  to  have  occurred  in  the  human  species. 

Another  explanation  has  been  afibrded  for  these  geological  facts, 
and  for  the  rotation  which  we  observe  in  the  vegetable  occupants 
of  particular  soils  in  successive  years.  It  has  been  supposed,  that 
as  the  seeds  of  plants  and  the  ova  of  certain  animals  are  so  exces- 
sively minute  as  to  penetrate  wherever  water  or  air  can  enter;  and 
as  they  are  capable  of  retaining  the  vital  principle  for  an  indefinite 
length  of  time,  of  which  we  have  many  proofs,  and  of  undergoing 
evolution  whenever  circumstances  are  favourable,  the  crust  of  the 
earth  may  be  regarded  as  a  receptacle  of  germs,  eaoh  of  which  is 
ready  to  expand  into  vegetable  or  animal  forms,  on  the  occurrence 
of  conditions  necessary  for  their  development  This  is  the  hypo- 
thesis of  panspermia  or  dissemination  of  germsy  accordins  to 
which  the  germs  of  the  ferns  and  reeds  were  first  expanded,  ana  af- 
terwards those  of  the  staminiferous  or  more  perfect  vegetables ; 
and,  in  the  animal  kingdom,  first  the  zoophyte,  and  gradually  the 
being  more  elevated  in  the  scale ;  the  organized  bodies  of  the  first 
period  flourishing,  so  long  as  the  circumstances,  favourable  to  their 
development,  continued,  and  then  making  way  for  the  evolution 
of  their  successors,-— the  changes  efieoted  in  the  soil  by  the  growth 
and  decay  of  the  former  probably  favouring  the  evolution  of  the 
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letter ;  whieh^  ^pi^f  retained  posaessioD  of  the  soil  bo  long  as  cir- 
cumstances were  propitious. 

The  changes  that  take  place  in  forest  regetation  are  favourable 
to  this  doctrine*  If^  in  Virginia,  the  forest  trees  be  removed  so 
as  to  make  way  for  other  growth,  and  the  ground  be  prepared  for 
the  first  cultivation,  the  Phytolacca  decandra  or  poke^  which 
was  not  previously  perceptible  on  the  land,  usurps  the  whole  sur- 
face. When  Mr.  Madison  went  with  Gen.  Lafayette  to  the 
Indian  treaty,  they  discovered,  that  wherever  trees  had  been  blown 
down  by  a  hurricane,  in  the  spring,  the  white  clover  had  sprung 
up  in  abundance,  although  the  spot  was  many  miles  distant  from 
any  cleared  land ;  and  it  has  often  been  remarked,  that  where 
during  a  drought  in  the  spring  the  woods  have  taken  fire  and  the 
surface  of  the  ground  has  been  torrefied,  the  water  weed  has  made 
its  appearance  in  immense  quantities,  and  occupied  the  burnt  sur- 
face. 

The  late  Judge  Peters,  having  occasion  to  cut  ditches  on  his 
land,  in  the  western  part  of  Pennsylvania,  was  surprised  to  find 
every  subterraneous  tree  that  was  met  with,  difierent  from  those 
at  the  time  occupying  the  surface;  and  Mr.  Madison  informs  us, 
that  in  the  space  of  sixty  or  seventy  years  he  has  noticed  the  fol- 
lowing spontaneous  rotation  of  vegetebles.  1.  Mayweed;  2.  Blue 
centaury;  3.  Bottle-brush-grass;  4.  Broomstraw;  5.  White  clo- 
ver ;  6.  Wild  carrot ;  and  the  last  is  now  giving  way  to  the  blue 
grass. 

The  doctrine  of  panspermia  is,  however,  totally  inapplicable  to 
the  viviparous  animal,  in  which  the  ovum  is  hatched  within  the 
body,  and  which,  consequently,  continues  to  live  after  the  birth  of 
its  progeny ;  whilst  the  focts,  furnished  us  by  geology,  seem  clearly 
to  show,  that  the  development  of  the  animal  kingdom  has  been 
successive,  not  simultaneous;  but  under  what  circumstances  they 
were  successively  ushered  into  being  we  know  not 

Lastly,  as  regards  the  ovarists  themselves; — they  difier  in  es- 
sential points;  whilst  some  are  favourable  to  the  doctrine  of  the 
dissemination  qfgermsj  believing,  as  we  have  seen,  that  ova  or 

Sarms  are  disseminated  over  all  space,  and  that  they  only  undergo 
evelopment  under  favourable  circumstances,  as  when  they  meet 
with  bodies  capable  of  retaining  them,  and  causing  their  growth, 
or  which  resemble  themselves;  others  assert,  that  the  germs  are 
inclosed  in  each  other,  and  that  they  are  successively  aroused  from 
their  torpor,  and  called  into  life,  by  the  influence  of  the  seminal 
fluid;  so  that  not  only  did  the  ovary  of  the  first  female  contain  the 
ova  of  all  the  children  she  had,  but  one  only  of  these  ova  con- 
tained the  whole  of  the  human  race.  This  was  the  celebrated  sys- 
tem of  embditement  des  germesy  or  encasing  o/germsy  of  which 
Bonnet  was  the  propounder,  and  Spallanzani  the  promulgator. 
Yet  how  monstrous  for  us  to  believe,  that  the  first  female  had, 
within  her,  the  germs  of  all  mankind,  born,  and  to  be  born;  or 
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to  coDceive^  that  a  grain  of  Indian  com  contains  within  it  all  the 
seed,  that  may  hereafter  result  from  its  culture.  Many  of  the 
ovarists,  ftg^ioy  ^nd  they  alone  who  have  any  thing  like  probability 
in  their  favour,  believe,  that  the  female  forms  her  own  ova,  as  the 
male  makes  his  own  sperm  by  a  secretory  action;  and,  so  far  as  the 
female  is  concerned  in  the  generative  process,  we  shall  find  thai 
this  is  the  only  philosophical  view;  but  it  is  imperfect  in  not  ad- 
mitting of  more  than  a  vivifying  action  in  the  materials  furnished 
by  the  male. 

About  the  middle  of  the  seventeenth  century,  Hamme,  Leeuen- 
HOEK,  and'HARTsoEER  discovered  a  prodigious  number  of  small 
moving  bodies  in  the  sperm  of  animals,  which  they  regarded  as 
animalcules.  This  gave  rise  to  a  new  system  of  generation,  di- 
rectly the  reverse  of  that  of  Harvey, — that  of  generation  ab  ani- 
malculo  maris.  As,  in  the  Harveian  doctrine,  the  germ  was  con- 
ceived to  be  furnished  by  the  mother  and  the  vivifying  influence 
to  be  alone  exerted  by  Uie  male,  so,  in  this  doctrine,  the  entire 
formation  was  regarded  as  the  work  of  the  father,  the  mother  af- 
fording nothing  more  than  a  nidus,  and  appropriate  pabulum,  for  the 
homunculus  or  rudimental  foetus.  The  pre-existing  germ  was  ac- 
cordingly now  referred  exclusively  to  the  male;  and,  by  some,  the 
doctrine  of  emboiiement  or  encasing  was  extended  to  it. 

In  support  of  this  hypothesis,  the  spermatists  urged; — that  the 
animalcules,  they  discovered,  were  peculiar  to  the  semen,  and 
that  they  exist  in  the  sperm  of  all  animals,  capable  of  generation ; 
that  they  differ  in  different  species,  but  are  always  identical 
in  the  sperm  of  the  same  animal,  and  ia  that  of  individuals  of 
the  same  species ;  that  they  are  not  perceptible  in  the  sperm  of 
any  animal,  until  the  age  at  which  generation  is  practicable,  whilst 
they  are  wanting  in  infancy  and  decrepitude;  that  their  number  is 
so  considerable,  that  a  drop  of  the  sperm  of  a  cock,  scarcely  equal 
in  size  to  a  grain  of  sand  contains  50,000;  and  lastly,  that  their 
size  being  so  minute,  is  no  obstacle  to  the  supposition,  that  ge- 
neration is  accomplished  by  them;  the  disproportion  between  the 
trees  of  our  forest  and  the  seed  producing  them  being  nearly  if  not 
entirely  as  great  as  that  between  the  animalcule  and  the  being  it 
has  to  develope.* 

The  difficulty  with  the  spermatists  or  animalculists  was  to  de- 
termine the  mode,  in  which  the  homunculus  attains  the  ovary,  and 
effects  the  work  of  reproduction.  Whilst  some  asserted,  that  it 
was  only  requisite,  that  the  sperm  should  attain  the  uterus,  whither 
it  attracted  the  ovum  from  the  ovarium;  others  imagined,  that  the 
animalcule  travelled  along  the  Fallopian  tube  to  the  ovary;  entered 
one  of  the  ovarian  vesicles;  shut  itself  up  there  for  some  time,  and 

*  Lebubkhoik  estimated  those  of  the  frog  at  about  the  l-10,000th  part  of  a 
human  hair,  and  that  the  milt  of  a  cod  may  contain  ISyOOOyOOO^OOO^OOOyOOO  of 
them. 
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then  returned  into  the  cavity  of  the  uterus,  to  undergo  its  first  de- 
velopment, through  the  medium  of  the  nutritive  substance  con- 
tained in  the  vesicle;  and  a  celebrated  pupil  of  Leeuenhoek 
even  affirmed,  that  he  not  only  saw  these  animalcules  under  the 
shape  of  the  tadpole,  as  they  were  generally  described,  but  that 
he  could  trace  one  of  them,  bursting  through  the  envelope  that 
retained  it,  and  exhibiting  two  arm's,  two  legs,  a  human  head  and 
a  heart! 

Although  this  doctrine  was  extremely  captivating,  and,  for  a  time, 
kept  the  minds  of  many  eminent  philosophers  in  a  state  of  delusive 
enthusiasm;*  it  was,  subsequently,  strongly  objected  to  by  many ; 
and  the  great  fact  on  which  it  rested — the  very  existence  of  the 
spermatic  animalcules — was,  and  is,  strenuously  contested. 

LiNNJsus  discredited  the  observations  of  Leeuenhoek;  Ver- 
qeten  denied  the  existence  of  the  animalcules,  and  undertook  to 
demonstrate  that  the  motion,  supposed  to  be  traced  in  them,  w^as 
a  mere  microscopic  delusion: — whilst  Needham  and  Buvfon  re- 
garded them  as  organic  molecules. 

Of  late  years,  MM.  Prevost  and  Dumas  have  directed  their  at- 
tention to  the  subject;  and  their  investigations,  as  on  every  other 
topic  of  physiological  inquiry,  are  worthy  of  the  deepest  regard. 
The  results  of  their  examinations  have  led  them  to  confirm  the 
existence  of  these  animalcules,  and  likewise  to  consider  them  as  the 
direct  agents  of  fecundation.  By  means  of  the  microscope  they 
detected  them  in  all  the  animals,  whose  sperm  they  examined,  and 
these  were  numerous.  Whether  the  fluid  was  observed  after  its 
excretion  by  a  living  animal,  or  after  its  death,  in  the  vas  deferens 
or  in  the  testicle,  the  animalcules  were  detected  in  it  with  equal 
facility. 

They  consider  these  bodies  to  be  characteristic  of  the  sperm, 
as  they  found  them  only  in  that  secretion;  being  wanting  in  every 
other  humour  of  the  body,  even  in  those,  that  are  excreted  with  the 
sperm,  as  thefluidsof  th^  prostate,  and  of  the  glands  of  Co  wper,  and 
although  similar  in  shape,  and  size,  and  in  the  character  of  their  lo- 
comotion in  the  individuals  of  the  same  species,  they  are  of  various 
shapes  and  dimensions  in  different  species.  In  passing  through 
the  series  of  genital  organs  these  animalcules  expenence  no  change, 
being  as  perfect  in  the  testicle  as  at  the  time  of  their  excretion;  and 
MM.  Prevost  and  Dumas  controvert  the  remark  of  Leeuen- 
hoek, that  they  are  met  with  apparently  of  different  ages. 

They  were  manifestly  endowed  with  spontaneous  motion,  which 
gradually  ceased, — ^in  the  sporm  obtained  during  life  by  ejaculation, 

•  Dr.  Thomas  Moboah  in  a  work,  publiahed  in  1731,  thus  expresses  himself 
reearding  this  doctrine:— "That  all  generation  is  from  an  animalculum  pre-ex- 
isting in  semine  maris,  is  so  evident  in  fact,  and  so  weU  confirmed  by  expCTJcnce 
and  observation,  that  I  know  €/i  no  learned  men,  who  in  the  least  doubt  of  it 
Vol.  II.  40 
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in  the  course  of  two  or  three  hours;  in  that  taken  from  the  ves- 
sels after  death,  in  fifteen  or  twenty  minutes;  and  in  eighteen  or 
twenty  hours,  when  left  in  its  own  vessels  after  death.  In  farther 
proof  of  the  position,  that  these  animalcules  are  the  fecundating 
agents,  MM.  Prevost  and  Dumas  assert,  that  they  are  only  met 
with  whilst  reproduction  is  practicable: — ^that  in  the  human  species 
they  are  not  found  in  infancy  or  decrepitude;  and,  in  the  majority 
of  birds,  are  apparent  in  the  sperm  only  at  the  periods  fixed  for 
their  copulation;  facts  which,  in  their  opinion,  show,  that  they  are 
not  mere  infusory  animalcules. 

MM.  Prevost  and  Dumas  moreover  aflEirm,  that  they  appeared 
to  be  connected  with  the  physiological  condition  of  the  animal 
furnishing  them;  their  motions  being  rapid  or  languishing,  accord- 
ing as  the  animal,  was  young  or  old,  or  in  a  state  of  health  or  dis- 
ease. They  state,  also,  that  in  their  experiments  on  the  ova  of  the 
mammiferous  animal,  they  observed  animalcules  filling  the  cornua 
of  the  uterus,  and  remaining  there  alive  and  moving,  until  the  ovule 
descended  into  that  organ,  when  the  animalcules  gradually  disap- 
peared; and  they  argue  in  favour  of  the  influence  of  these  animal- 
cules;— that  the  positive  contact  of  the  sperm  is  necessary  for  fe- 
cundation, and  that  the  aura  seminis  is  totally  insu£Scient; — ^that 
the  sperm  in  twenty-four  hours  loses  its  fecundating  property,  and 
it  requires  about  this  time  for  the  animalcules  to  gradually  cease 
their  movements  and  perish;  and,  lastly,  that  having  destroyed  the 
animalcules  in  the  sperm,  the  fluid  lost  its  fecundating  pro- 
perty. One  of  these  experiments  consisted  ia  killing  all  the  ani- 
malcules in  a  spermatized  fluid, — whose  fecundating  power  had 
been  previously  tested, — by  repeated  discharges  of  a  L^yden  phial:, 
another  consisted  in  placing  a  spermatized  fluid  on  a  quintuple 
filter,  and  repeating  this,  until  all  the  animalcules  were  retained 
on  the  filter;  when  it  was  found,  that  the  fluid,  which  passed  through, 
had  no  fecundating  power,  whilst  the  portion  retained  by  the  filter 
had  the  full  faculty;  a  result  that  had  been  obtained  by  Spallan- 
ZANi,  who  found,  besides,  that  he  was  capable  of  efiecting  fecun- 
dation with  water  in  which  the  papers,  used  as  filters,  had  been 
washed. 

Lastly,  MM.  Prjevost  and  Dumas,  and  Rolando,  conjecture  that 
the  spermatic  animalcule  forms  the  nervous  system  of  the  new  be- 
ing, and  that  the  ovulum  furnishes  only  the  cellular  frame-work 
in  which  the  organs  are  formed ;  but  this  is  mere  hypothesis.  All 
that  seems  to  be  proved  to  us  by  the  essays  of  these  ingenious  ex- 
perimenters is,  the  fact  of  the  existence  of  peculiar  animalcules  in 
the  sperm,  and  their  apparent  agency  in  the  generative  process; 
but  how  this  agency  is  exerted  we  know  not 

It  is  scarcely  necessary  to  remark,  that  all  the  objections  which 
were  urged  against  the  system  of  the  ovarists,  as  regards  the  proof 
in  favour  of  an  active  participation  of  both  sexes  in  the  work  of 
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reproduction,  are  equally  applicable  to  the  views  of  those  animal- 
culistSy  who  refer  generation  exclusively  to  the  spermatic  animal- 
cule. 

Such  are  the  chief  theories  that  have  been  propounded  on  the 
subject  of  generation.  It  has  been  already  observed,  that  the  par- 
ticular modifications  are  almost  innumerable.  They  may  all,  how- 
ever, be  classed  with  more  or  less  consanguinity  under  some  of 
the  doctrines  enumerated.  Facts  and  arguments  are  strongly 
against  any  view  that  refers  the  whole  process  of  formation  to 
either  sex.  There  must  be  a  union  of  materials  furnished  by  both, 
otherwise  it  is  impossible  to  explain  the  similarity  in  conformation 
to  both  parents,  which  is  often  so  manifest  Accordingly,  this  modi- 
fied view  of  epigenesis  is  now  adopted  by  most  physiologists; — that 
at  a  fecundating  copulation,  the  secretion  of  the  male  is  united  to 
a  material,  furnished  by  the  ovarium  of  the  female ;  that  from  the 
union  of  tliese  elements  the  embryo  results,  impressed,  from  the 
very  instant  of  such  union,  with  life,  and  with  an  impulse  to  a 
greater  or  less  resembance  of  this  or  that  parent,  as  the  case  may 
be ;  and  that  the  material,  furnished  by  the  female,  is  as  much  a 
secretion  resulting  from  the  peculiar  organization  of  the  ovarium, 
as  the  sperm  is  from  that  of  the  testicle, — life  being  capable,  in  this 
manner,  of  communication  from  father  to  child,  without  the  ne- 
cessity of  invoking  the  incomprehensible  and  revolting  doctrine  of 
the  pre-existence  of  eerms. 

This  admixture  of  the  materials,  furnished  by  both  sexes,  ac- 
counts for  the  likeness  that  the  child  may  bear  to  either  parent, 
whatever  may  be  the  difficulty  in  understanding  the  precise  mode 
in  which  they  act  in  the  formation  of  the  foetus,  tt  has  been  at- 
tempted, however,  by  some,  to  maintain,  that  the  influence  of  the 
maternal  imagination  during  a  fecundating  copulation  may  be  suf- 
ficient to  impress  the  germ,  within  her,  with  the  necessary  im- 
pulse ;  and  the  plea  has  been  occasionally  urged  in  courts  of  justice. 
Of  this  we  have  an  example  in  a  well-known  case,  tried  in  New 
York,  five-and-twenty  years  ago.  A  mulatto  woman  was  delivered 
of  a  female  bastard  child,  which  became  chargeable  to  the  authori- 
ties of  the  city.  When  interrogated,  she  stated  that  a  black  man 
of  the  name  of  Whistblo  was  the  &ther,  who  was  accordingly  ap- 
prehended, for  the  purpose  of  assessing  him  with  the  expenses. 
Several  physicians,  who  were  summonea  before  the  magistrates, 
gave  it  as  their  opinion  that  it  was  not  his  child,  but  the  ofispring 
of  a  white  man.  Dr.  Mitchell,  however,  who,  according  to  Dr. 
Bxcx,  seemed  to  be  a  believer  in  the  influence  of  the  imagination 
over  Uie  foetus,  thought  it  probable  that  the  negro  was  the  father. 
Owing  to  this  difierence  of  sentiment,  the  case  was  carried  before 
the  mayor,  recorder,  and  several  aldermen.  It  appeared  in  evi- 
dence, that  the  colour  of  the  child  was  somewhat  dark,  but  lighter 
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than  the  generality  of  mulattos,  and  that  its  hair  was  straight,  and 
had  none  of  the  peculiarities  of  the  negro  race. 

The  court  very  properly  decided  in  favour  of  Whistelo,  and 
of  course  against  the  testimony  of  Dr.  Mitchell,  who,  moreover, 
maintained,  that  as  alteration  of  complexion  has  occasionally  been 
noticed  in  the  human  subject, — as  of  negroes  turning  partially 
white, — and  in  animals,  so  this  might  be  a  parallel  instance.  The 
opinion  does  not  seem  entitled  to  much  greater  estimation  than 
that  of  the  poor  Irish  woman,  in  a  recent  London  police  report, 
who  ascribed  the  fact  of  her  having  brought  forth  a  thick-lipped, 
woolly-headed  urchin  to  her  having  eaten  some  black  potatoes, 
during  her  pregnancy. 

It  is  obvious,  that  the  effect  of  the  maternal  imagination  can  only 
be  invoked — by  those  who  believe  in  its  agency  on  the  future  ap- 
pearance of  the  f(Btu»— in  the  case  of  those  animals  in  which  copu- 
lation is  a  part  of  the  process.  Where  the  eggs  are  first  extruded 
and  then  fecundated,  all  such  influence  must  be  out  of  the  question; 
and  even  in  the  viviparous  animal  we  have  seen,  that  experiment^ 
on  artificial  impregnation  have  shown,  that  not  only  has  the  bitch 
been  fecundated  by  sperm  injected  into  the  vagina,  but  that  the 
resulting  young  have  manifestly  resembled  the  dog,  whence  the 
sperm  had  been  obtained. 

The  strongest  case  in  favour  of  the  influence  of  the  maternal 
imagination  is  given  by  Sir  Everard  Home.  An  English  mare 
was  covered  by  a  quaga, — a  species  of  wild  ass  from  Africa,  which 
is  marked  somewhat  like  the  zebra.  This  happened  in  the  year 
1815,  in  the  park  of  Earl  Morton,  in  Scotland.  The  mare  was 
only  covered  once ;  went  eleven  months,  four  days,  and  nineteen 
hours;  and  the  produce  was  a  hybrid,  marked  like  the  father.  The 
hybrid  remained  with  the  dam  for  four  months,  when  it  was  wean- 
ed and  removed  from  her  sight  She  probably  saw  it  again  in  the 
early  part  of  1816,  but  never  afterwards.  In  February,  1817,  she 
was  covered  by  an  Arabian  horse,  and  had  her  first  foal — a  filly. 
In  May,  1818,  she  was  covered  again  by  the  same  horse,  and  had 
a  second.  In  June,  1819,  she  was  covered  again,  but  this  year 
missed;  but  in  May,  1821,  she  was  covered  a  fourth  time,  and  had 
a  third ;  all  being  marked  like  the  quaga. 

Similar  facts  have  been  alluded  to  by  other  writers.  Haller 
remarks,  that  the  female  organs  of  the  mare  seem  to  be  cor- 
rupted by  the  unequal  copulation  with  the  ass,  as  the  young 
foal  of  a  horse  from  a  mare,  which  previously  had  a  mule  by  an 
ass,  has  something  asinine  in  the  form  of  its  mouth  and  hips;  and 
BscHER  says,  that  when  a  mare  has  had  a  mule  by  an  ass,  and  af- 
terwards a  foal  by  a  horse,  there  are  evidently  marks  in  the  foal 
of  the  mother  having  retained  some  ideas  of  her  former  paramour, 
— the  ass;  whence  such  horses  are  commended  on  account  of  their 
tolerance  and  other  similar  qualities. 
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The  mode  in  which  the  influence  is  exerted  in  this  and  similar 
cases  is  most  unfathomable;  and  the  factr  itself,  although  indisputa- 
ble,  is  astounding. .  Sir  Everarb  Home  thinks  that  it  is  one  of  the 
strongest  proofs  of  the  effect  of  the  mind  of  the  mother  upon  her 
young  that  has  ever  been  recorded.  Although  we  are  totally  inca« 
pable  of  suggesting  any  satisfactory  solution,  it  appears  to  us  mote 
probable,  that  the  impression  must  hava  been  made  in  these  casea 
on  the  genital  system,  rather  than  upon  the  mind  of  the  animal. 

Conception  usually  occurs  without  the  slightest  consciousnesa 
on  the  part  of  the  female;  and*  hence  the  difficulty  of  reckoning 
the  precise  period  of  gestation.  Certain  signs,  as  shivering  pain 
about  the  umbilicus,  &c.  are  said  to  have  occasionally  denoted  ita 
occurrence,  but  these  are  rare  exceptions,  and  the  indications  af- 
forded by  one  are  often  extremely  different  from  those  presented 
by  another.  In  those  animals,  in  which  generation  is  only  accom- 
plished  during  a  period  of  generative  excitement,  the  period  of 
conception  can  be  determined  with  accuracy;  for,  in  by  far  the 
majority  of  such  cases,  a  single  copulation  will  fecundate;  the  ex- 
istence of  the  state  of  heat  indicating  that  the  generative  organs 
are  ripe  for  conception.  In  the  human  female,  where  the  sexua) 
intercourse  can  take  place  at  all  periods  of  the  year,  conception  is 
by  no  means  as  likely  to  follow  a  single  intercourse ;  for,  although 
she  may  be  always  susceptible  of  fecundation,  her  genital  organs 
are  perhaps  at  no  one  time  so  powerfully  excited  as  in  the  animal 
during  the  season  of  love.  It  is  not  for  the  physiologist  to  inquire 
into  the  morbid  causes  of  sterility  in  either  male  or  female;  nor  is 
it  desirable  to  relate  all  the  visionary  notions  that  have  prevailed 
regarding  the  circumstances  that  favour  conception.  It  would  cer- 
tainly seem  more  likely  to  supervene  when  the  venereal  orgasm 
occurs  simultaneously  in  both  parties;  and  when  the  sperm  is 
(brown  well  forwards  towards  the  mouth  of  the  uterus.  We  have 
already  shown,  that  preternatural  openings  of  the  urethra,  which 
interfere  with  this  projection  of  the  sperm  in  the  proper  direction, 
certainly  render  fecundation  less  probable. 

It  has  been  generally  affirmed  by  writers,  that  conception  is  apt 
to  take  place  more  readily  immediately  after  menstruation ;  either, 
it  has  been  imagined,  because  the  uterus  continues  slightly  open, 
so  as  to  admit  the  sperm  more  easily  into  its  cavity,  or  because; 
the  whole  apparatus  is  in  a  state  of  some  excitement  This  opinion 
is  problematical;  and,  accordingly,  a  female  is  in  the  habit  of 
reckoning  from  a  fortnight  after  her  last  menstrual  period;  for  as 
she  might  have  fallen  with  child  immediately  after  menstruation/ 
or  not  until  immediately  preceding  the  following  menstruation;  a 
difference  of  three  weeks  might  occur;  and  she,  therefore,  takes 
the  middle  point  between  those  periods;  that  is,  ten  days  or  a  fort- 
night after  her  last  menstruation,  or,  what  is  the  same  thing,  ten 
days  or  a  fortnight  before  the  first  obstructed  menstruation.     Sir 
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EvERARD  HoicEy  however,  differs  on  this  topic  from  the  generality 
of  physiologists, — affirming  that,  in  the  human  species,  uie  fulness 
of  the  vessels  of  the  womb,  prior  to  menstruation,  corresponds 
with  the  state  of  heat  in  the  female  quadruped,  and  shows  that,  at 
that  period,  the  ova  are  most  commonly  fit  for  impregnation. 
**The  females  in  India,"  he  observes,  "where,  from  the  warmth 
of  the  climate,  all  the  internal  economy  respecting  the  propagation 
of  the  species  goes  on  more  kindly  than  in  changeable  climates, 
reckon  ten  months  as  the  period  of  utero-gestation.  In  the  Apo- 
crypha, the  wisdom  of  Solomon,  Chap.  VII.,  v.  2, — *And  in  my 
mothei^s  womb  was  fashioned  to  be  flesh  in  the  time  of  ten 
months.'  This  circumstance  seems  to  prove,  that  immediately 
before  menstruation,  when  all  the  appendages  of  the  womb  are 
loaded  with  blood,  the  ova  and  the  ovaria  are  more  frequently 
ready  for  impregnation,  in  the  climates  most  Congenial  for  propa- 
gation; and  therefore  the  mode  of  reckoning  is  from  the  previous 
menstruation,  which  is  ten  months  before  the  birth.'' 

It  has  been  attempted  to  ascertain  what  age  and  season  are  most 
prolific.  From  a  register,  kept  by  Dr.  Bland  of  London,  it  would 
appear,  that  more  women,  betweep  the  ages  of  twenty-six  and 
thirty  years,  bear  children  than  at  any  other  period.  Of  two 
thousand  one  hundred  and  two  women  delivered,  eighty-five  were 
trom  fifteen  to  twenty  years  of  age;  five  hundred  and  seventy-eight 
trom  twenty-one  to  twenty -five;  six  hundred  and  ninety-nine,  from 
twenty-six  to  thirty;  four  hundred  and  seven  from  Uiirty-one  to 
thirty-five;  two  hundred  and  ninety-one  from  thirty-six  to  forty; 
thirty-six  from  forty-one  to  forty-five;  and  six  from  forty-six 
to  forty-nine. 

At  Marseilles,  according  4o  Ratmond,  women  conceive  most 
readily  in  autumn  and  chiefly  in  October;  next  in  summer;  and 
lastly  in  winter  and  spring;  the  month  of  March  having  fewest  con- 
ceptions. MoRAND  again  says,  that  July,  May,  June,  and  August 
are  the  most  frequent  monthsfor  conception;  and  November,  March, 
April,  and  October  successively  the  least  frequent  Mr.  Burns 
asserts,  that  the  register  for  ten  years  of  an  extensive  parish  in 
Glasgow,  renders  it  probable  that  August  and  September  are  most 
favourable  for  conception;  and  lastly,  Dr.  GouvERirEnR  Emerson, 
who  has  employed  himself  most  profitably  on  the  Medical  Statistics 
of  Philadelphia,  has  furnished  the  following  table  of  the  number 
of  births,  during  each  month,  for  the  ten  years  ending  in  1890. 
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The  human  female  is  uniparous;  one  ovum  onlr,  aa  a  general 
principle,  being  fecundated;  numerous  other  animals  are  multipa- 
rous,  or  bring  forth  many  at  a  birth.  The  law,  however,  on  thia 
subject  is  not  fixed.  Occasionally,  the  human  female  will  brine 
forth  twiiis,  triplets  or  quadruplets;  whilst  the  multiparous  animal 
is  not  always  delivered  of  the  same  number.  It  is  impossible  to 
account  for  those  differences.  The  ovarists  refer  them  to  the  fe- 
male; the  aoimalculists  to  the  male;  and  facts  hare  been  found  to 
support  both  views.  Certain  females,  who  have  been  frequently 
married,  have  been  multiparous  with  each  husband;  and  analogous 
facts  have  occurred  to  females  under  similar  circumstances.  Ms- 
MAOs  cites  the  case  of  a  man,  whose  wife  brought  htm  twenty-one 
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children  in  seven  deliveries;  and  the  same  individual  having  im- 
pregnated his  servant-maid,  she  brought  forth  triplets  likewise.  In 
17 55 f  it  is  asserted,  that  a  peasant  was  presented  to  the  Empress 
of  Russia,  who  was  seventy  years  of  age,  and  had  been  twice  mar- 
ried. His  first  wife  had  fifty-seven  children  at  twenty-one  births. 
In  four  deliveries  she  had  four  children  at  each;  in  seven,  three, 
and  in  six,  two.  This  appears  to  be  the  ne  plus  ultra  of  such  cases! 

In  France,  it  has  been  observed,  that  twins  occur  once  in  about 
eighty  cases.  In  the  Westminster  Hospital,  the  same  ratio  has  been 
found  to  prevail.  In  the  British  Lying-in  Hospital,  the  proportion 
was  not  greater  than  1  in  91;  whilst  in  the  Dublin  Lying-in  Hospi- 
tal the  cases  were  nearly  twice  as  frequent,  or  about  1  in  58.  In 
this  country,  the  average,  according  to  Dr.  Dewees,  is  about  1  in 
75.  Triplet  cases  were  found  to  occur  in  the  Hospice  de  la  Ma- 
temiti  of  Paris  about  once  in  9000  times;  and  in  the  Dublin  Hos- 
pital once  in  5050  times;  the  balance  being  largely  in  favour  of  the 
prolific  powers  of  the  Irish.  Dr.  Dewees  affirms,  that,  in  more 
than  9000  cases,  he  has  not  met  with  an  instance  of  triplets.  Of 
36,000  casein  in  the  Hospice  de  la  Materniti  not  one  brought  fourth 
four  children;  yet  there  are  cases  on  record  where  five  have  been 
born  at  a  birth.  Beyond  this  number  the  tales  of  authors  must  be 
esteemed  fabulous. 

In  r-^ferring  to  the  following  table  it  will  be  found  to  prevail, 
as  a  general  principle,  amongst  quadrupeds,  that  the  largest  and 
most  formidable  bring  forth  the  fewest  young;  whilst  the  lower 
tribes  are  unusually  fruitful;  the  number  produced  compensating 
in  some  measure  for  their  natural  feebleness,  which  renders  them 
constantly  liable  to  destruction.  On  the  other  hand,  were  the 
larger  species  to  be  as  prolific  as  the  smaller,  the  latter  would  soon 
be  blotted  from  existence.  What  would  have  been  the  condition 
if  animated  nature,  if  the  gigantic  mastodon,  once  the  inhabitant  of 
our  plains,  could  have  engendered  as  frequently  and  af  numerous- 
ly as  the  rabbit 

For  wise  purposes,  it  has  also  been  ordained,  that  the  more  for- 
midable animals  seldom  begin  the  work  of  reproduction  until  they 
have  nearly  attained  their  full  size ;  whilst  those  that  bring  forth 
many  commence  much  earlier. 

Lastly,  there  is  some  correspondence,  likewise^  between  the 
duration  of  gestation  and  the  jsize  of  the  animal. 
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Dorstion  of  get* 

Numbei 
of 

Animals. 

Dimtion  of 

Nuiid>er  of 

• 

tation. 

yoangf. 

gestation. 

young. 

Ape,.    - 

about  9  months. 

i 

Lioness, 

... 

4  or  5 

Bat,  -    - 

- 

£ 

Tigress, 

.     -     - 

4  or  5 

Rat,  -    - 

5  or  6  weeks. 

5  or  6 

Cat,    - 

8  weeks. 

4  or  5 

Mouse,  - 

- 

6  to  10 

Seal,  . 

... 

2 

Hare,     - 

SO  days. 

4  or  5 

11  months') 

Rabbit,  - 

Do. 

Do* 

Mare, 

and  some  > 

1 

Guinea-pig, 

3  weeks. 

5  to  12 

days,        J 

Squirrel, 
Mx)le,     - 

6  weeks, 

4  or  5 

Ewe,  - 

5  months. 

lor  2 

- 

4  or  5 

Goat,  . 

4|  months, 

1,  2,  or  3 

Bear, 

- 

2  or  3 

Cow,  - 

9  months, 

1  or  2 

Otter,     . 

9  weeks. 

4  or  5 

Reindeer, 

8  months. 

2 

Bitch,    - 

9  weeks. 

4  to  10 

Hind, 

Do. 

1  or2 

Ferret,  - 

6  weeks. 

6  or  7 

9{t%w     - 

4  months. 

6  to  12> 
&more5 

Wolf,     - 

10  weeks, 

5to9 

OUW,      " 

Opossum, 

m                     m 

4  or  5 

Camel, . 

12  months. 

1 

Kangaroo, 

- 

1 

Walrus, 

9  months. 

1 

Jackall,  - 

- 

6to8 

Elephant 

£  years. 

1 

Fox,  -    - 

10  weeks. 

4or5| 

Whale, 

9  or  10  mos. 

lor  2 

Conception  being  entirely  removed  from  all  influence  of  volition, 
it  is  obviously  impracticable,  by  any  effort  of  the  will,  either  to 
modify  the  sex  of  the  foetus,  or  its  general  physical  and  moral 
characters.  Yet  idle  and  absurd  schemes  have  been  devised  for 
both  one  and  the  other. 

The  older  philosophers,  as  Heppoobatbs  and  Abistotlx,  be- 
lieved that  the  right  testicle  and  ovary  furnished  the  rudiments  of 
males ;  and  the  same  organs  on  the  left  side,  those  of  femal^:  and 
some  of  Ihe  older  writers,  dt  Re  rustiea,  assert,  that  this  was  the 
result  of  their  experiments  with,  the  ram.  These  statementa  gave 
rise  to  a  pretended  '^  art  of  procreating  the  sexes  at  pleasure,''  which 
has  even  been  seriously  revived  in  our  own  time  Mr.  Jo'mr 
HuNTEK  published  an  experiment  in  the  Philosophical  TVansae- 
Honsy  which  was  instituted  for  the  purpose  of  determining  wheAer 
the  number  of  young  be  equally  divided  between  the  ovaria. 
He  took  two  sows  from  the  same  litter,  deprived  one  of  an  ovarium, 
and  counted  the  number  of  pigs  each  produced  during  its  life.  The 
sow  with  two  ovaria  had  one  hundred  and  sixty-two:  the  spayed 
sow  only  seventy-six.  Hence  he  inferred,  that  each  ovarium  had 
nearly  the  same  proportion.  Yet,  in  this  experiment,  he  makes 
no  mention  of  the  interesting  fact  regarding  the  proportion  of  the 
males  in  the  tw6  cases,  and  whether  they  were  not  all  of  the  same 
sex  in  the  sow  that  had  been  spayed.  Had  hia  attention  been 
drawn  to  this  point,  the  results  would  have  been  su£Scient  to  ar- 
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rest  the  strange  hypothesis  brought  forward  by  Millot^  who 
boldly  affirmed,  that  males  are  produced  by  one  ovarium,  and  fe- 
males by  the  other;  asserting,  that  he  could  so  manage  the  position 
of  the  woman  during  copulation,  that  she  should  certainly  have  a 
boy  or  a  girl,  as  might  have  been  determined  upon:  and  he  pub- 
lished the  names  of  mothers  who  had  followed  his  advice,  and  had 
succeeded  in  their  wishes.  A  case  related  by  Dr.  Granville,  of 
London,  to  the  Royal  Society,  has  completely  exhibited  the  ab- 
surdity of  this  doctrine.  A  woman,  forty  years  of  age,  died  at  the 
Hospice  de  la  Materniti  of  Paris, — six  or  seven  days  after  de- 
livery,—of  what  had  been,  supposed  to  be  a  disease  of  the  heart. 
The  body  was  opened  in  the  presence  of  Dr.  Grawville,  and  the 
disease  was  found  to  be  aneurism  of  the  aorta.  On  examining  the 
uterus,  it  was  found  to  be  at  least  four  times  the  size  of  what  it  is 
during  the  unimpregnated  state.  It  had  acquired  its  full  develop- 
ment on  the  right  side  only,  where  it  had  the  usual  pyriform  con- 
vexity; whilst  the  left  formed  a  straight  line,  scarcely  half  an  inch 
distant  from  the  centre,  although  it  was  more  than  two  inches  from 
the  same  point,  to  the  outline  of  the  right  side.  The  Fallopian-tube 
and  the  ovarium,  with  the  other  parts  on  the  right  side,  had  the 
natural  appearance;  but  ihey  were  not  to  be  found  on  the  left. 
Yet  this  woman  had  been  the  mother  of  eleven  children  of  both 
sexes ;  and  a  few  days  before  her  death  had  been  delivered  of  twins; 
—one  male  and  one  female. 

Independently  of  this  decisive  case,  it  has  been  found,  that 
when  one  of  the  ovaries  has  been  entirely  disabled  by  disease,  the 
other  has  conceived  of  both  sexes.  In  rabbits,  an  ovary  has  beea 
removed;  yet  both  male  and  female  foetuses  have  subsequently  been 
engendered;  and  if  the  gravid  uterus  of  one  of  those  animals  be 
examined,  male  and  female  foetuses  will  be  found  in  the  same 
cornu  of  the  uterus,  all  of  which,  owing  to  the  peculiar  construc- 
tion of  the  uterus  in  those  animals, — the  cornua  forming  the  main 
part  of  the  organ, — must  manifestly  have  proceeded  from  the  cor- 
responding ovary.  We  are  totally  unaware,  therefore,  of  the  cir- 
cumstances that  give  rise  to  the  sex  of  the  new  being,  although 
satisfied  that  it  is  in  no  respect  influenced  by  the  desires  of  the 
parents.  We  shall  see,  indeed,  hereafter,  that  some  distinguished 
physiologists  believe  that  the  sex  is  not  settled  at  the  moment  of 
conception,  and  that  it  is  determined  at  a  later  period,  after  the 
embryo  has  undergone  a  certain  development 

It  is  an  ancient  opinion,  which  seems  to  be  in  some  measure 
confirmed  by  what  we  notice  in  certain  animals,  that  the  character 
of  the  offspring  is  largely  dependent  upon  the  moral  and  physical 
qualities  of  the  parent; — and  a  Dr.  Robert,  of  Paris,  in  a  disser- 
tation under  the  pompous  title  of  MegaUinthropogenesis^  has 
fancifully  maintained,  that  the  race  of  men  of  genius  may  be  per- 
petuated by  uniting  them  to  women  possess^  of  the  same  fa- 
culties. 
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Of  late^alsOy  it  has  been  attempted  to  show^  that  the  corporeal  vi- 

gmr  of  the  parents  has  much  to  do  even  with  the  future  sex.  A  M. 
AROu  has  instituted  a  series  of  experiments  on  different  animals^ 
but  especially  on  sheep,  to  discover,  whether  a  greater  number  of 
male  or  female  lambs  may  not  be  produced  at  the  will  of  the  agri- 
culturist The  plan,  adopted  to  insure  this  result,  was  to  employ 
very  young  rams  in  that  division  of  the  flock  whence  it  was  desired 
to  obtain  females;  and  strong  and  vigorous  rams,  of  four  or  five  years 
of  age,  in  that  from  which  males  were  to  be  procured.  We  have 
not  seen  the  original  Mhnoire  of  M.  Oabou,  and  the  abstract  of  it, 
which  has  met  our  eye,  does  not  indicate  any  very  obvious  or  con- 
sistent results.  They  would  seem  to  show,  that  the  younger  rams 
begat  females  in  greater  proportion,  and  the  older  males. 

It  appears,  that  the  proportion  of  males  born  to  the  females  is 
every  where  pretty  nearly  the  same.  The  calculations  of  Hufe- 
i.AiiD  eive  the  numbers  in  Germany  as  21  to  20;  and  the  ^nsus  of 
Great  Britain,  taken  in  1821,  estimates  them  as  21  to  20.066.  In 
the  Dublin  Lying-in  Hospital,  during  ten  years,  the  ratio  was  as 
21  to  19.33;  and  in  the  Eastern  District  of  the  Royal  Maternity 
Charity  of  London,  during  the  year  1830,  it  wastas  21  to  19.64. 
In  Philadelphia,  according  to  the  tables  of  Dr.  Emerson,  the  pro- 
portion from  1821  to  1830  was  as  21  to  19.43. 

Although,  however^  a  greater  number  of  males  may  be  born, 
they  seem  more  exposed  to  natural  or  accidental  death,  for  amongst 
adults  the  balance  is  much  less  in  their  favour,  and  indeed  the 
namber  of  adult  females  rather  exceeds  that  of  the  males. 


To  conclude.  It  has  been  an  oft  agitated  question,  whether,  after 
an  ovule  has  been  impregnated  and  passed  down  into  the  cavity  of 
die  uterus,  another  ovule  may  not  be  fecundated;  so  that  the  pro- 
ducts of  two  conceptions  may  undergo  their  respective  develop- 
ments in  the  uterus,  and  be  delivered  at  an  interval  correspond- 
ing to  that  between  the  conceptions.  Many  physiologists  have  be- 
lieved this  to  be  possible,  and  have  given  it  the  name  of  superfcR- 
tatton.  The  case,  cited  from  Sir  Everard  Home,  of  the  young 
ftmale,  who  died  on  the  seventh  or  eighth  day  after  conception, 
exhibits  that  the  mouth  of  the  womb  is  at  a  very  early  period  com- 
pletely obstructed  by  a  plug  of  mucus;  and  that  the  inner  surface 
of  the  uterus  is  lined  by  an  efflorescence  of  coagulable  lymph,  the 
nature  of  which  will  be  described  under  the  next  head. 

When  such  a  change  has  been  effected  it  would  seem  to  be  im- 
possible for  the  male  sperm  to  reach  the  ovary;  and  accordingly, 
the  general  belief  is,  that  superfoetation  is  only  practicable  prior  to 
these  changes, — which  may  perhaps  require  twenty-four  hours  for 
their  accomplishment, — and  where  there  is  a  second  vesicle  ripe 
for  impregnation.  Of  this  kind  of  superfoetation  it  is  probable  that 
twin  and  triplet  cases  are  often  examples;  one  ovule  being  impreg- 
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nated  at  one  copulation,  and  another  at  the  next  It  seems  also 
to  be  common  in  animals.  The  dog-breeders  have  often  remarked, 
that  a  bitch,  after  having  been  lined,  will  readily  admit  a  dog  of  a 
rery  different  kind  to  copulate  with  her;  and  where  this  has  oc- 
curred, two  different  descriptions  of  puppies  have  been  brought 
forth;  some  resembling  each  of  the  fathers.  Sir  Evbrard  Homs 
states,  that  a  setter-bitch  was  lined  in  the  morning  by  a  pointer. 
The  bitch  went  out  with  the  game*keeper,  who  had  with  him  a 
Russian  setter  of  his  own,  which  also  lined  her  in  the  course  of  the 
afternoon.  She  had  a  litter  of  six  pups;  two  only  of  which  were 
preserved.  One  of  these  bears  an  exact  resemblance  to  the  pointer^ 
the  other  to  the  Russian  setter, — the  male  influence  being  predomi- 
nant in  each. 

Of  this  kind  of  superfoetation  or  double  conception  we  have  seve- 
ral instances  on  record;— of  which  the  following  are  amongst  the 
most  strikiog,  the  male  parents  of  the  respective  foetuses  having 
differed  in  colour.  The  £rst  is  the  well-known  case,  cited  by 
BuFFON,  of  a  female  at  Charleston,  South  Carolina,  who  was  de- 
livered in  17l4  of  twins,  within  a  very  short  time  of  each  other. 
One  of  these  was  blaick,  the  other  white.  This  circumstance  led  to 
an  inquiry,  when  the  woman  confessed,  that  on  a  particular  day, 
immediately  after  her  husband  had  left  his  bed,  a  negro  entered  her 
room  and  compelled  her  to  gratify  his  wishes,  under  threats  of 
murdering  her.  Several  cases  of  women  in  the  West  India  Islands 
having  had,  at  one  birth,  a  black  and  a  white  child,  are  recorded 
in  the  Transactions  qf  the  Royal  Society  of  London;  and  Dr. 
MossLBT  in  his  work  ^^On  Tropical  Diseases,'^  gives  the  follow- 
ing case,  which  is  very  analogous  to  that  described  by  Buffok.  A 
negro  woman  brought  forth  two  children  at  a  birth,  both  of  a  size^ 
one  of  which  was  a  negro,  the  other  a  mulatto.     On  being  interro- 

Kted,  she  said,  that  a  white  man,  belonging  to  the  estate,  came  to 
ir  hut  one  mornins  before  she  was  up,  and  that  she  received  his 
embraces  soon  after  her  black  husband  had  quitted  her.  Sir  Eve- 
bard  HoMB  likewise  asserts,  that  a  particular  friend  of  his  ^^knows 
a  black  woman,  who  has  two  children  now  alive,  that  are  twins 
and  were  suckled  together;  one  quite  black,  the  other  a  mulatto. 
The  woman  herself  does  not  hesitate  in  stating  the  circumstances: 
Onemorning  just  after  her  husband  had  left  her,  a  soldier  for  whom 
she  had  a  partiality  came  into  the  hut,  and  was  connected  with  her, 
about  three  or  four  hours  after  her  leaving  the  embraces  of  her 
husband.''  One  of  the  author's  pupils,  Mr.  N.  J.  Huston,  of  Har- 
risonburg, Virginia,  has  also  communicated  to  him  the  particulars 
of  the  case  of  a  female  who  was  delivered  in  March,  1827,  of  a 
negro  child  and  a  mulatto,  on  the  same  night  Where  negro  sUt- 
very  exists,  such  cases  are  sufficiently  numerous. 

Sia  far,  therefore,  as  regards  the  possibility  of  a  second  vesicle^ 
being  fecundated,  prior  to  the  closure  of  the  os  uteri  by  the  teoa- 
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cious  mucas  and  the  flocculent  membranous  secretion  from  the  in- 
terior of  the  uterus,  no  doubt,  we  think,  can  be  entertained.  But, 
except  in  cases  of  double  uterus,  it  would  seem  to  be  impracticable 
afterwards;  although  cases  have  been  adduced  to  show  its  possibi- 
lity* Still  these  may  perhaps  be  explained  under  the  supposition, 
that  the  uterine  changes,  above  referred  to,  may  not  be  as  rapidly 
accomplished  in  some  cases  as  in  others;  and,  again,  the  period  of 
gestation  is  not  so  rigidly  fixed,  but  that  children,  begotten  within 
twenty-four  hours,  may  still  be  born  at  a  distance  of  some  weeks 
from  each  other.  A  case  happened  to  the  author  in  which  nearly 
three  weeks  elapsed  between  the  birth  of  twins,  in  whose  cas^s 
the  ova  were  probably  fecundated  either  at  the  same  copulation  or 
within  a  few  hours  of  each  other. 


When  the  fecundated  ovum  has  been  laid  hold  of  by  the  fimbri- 
ated extremity  of  the  Fallopian  tube,  and  through  this  channel  has 
reached  the  cavity  of  the  uterus,  it  forms  a  union  with  this  viscus, 
to  obtain  the  nutritive  fluids,  that  may  be  required  for  its  deve- 
lopment, and  to  remain  there  during  the  whole  period  oipregtumcy 
or  utero-gestaiion; — a  condition  which  will  now  require  some 

consideration. 

« 

Immediately  after  a  fecundating  copulation  and  whilst  the  chief 
changes  are  transpiring  in  the  ovary,  certain  modifications  occur  in 
the  uterus.  According  to  some,  it  dilates  for  the  reception  of  the 
ovum.  BsBTBAKDi  fouud  this  to  be  the  case  in  extra-uterine  preg- 
nancy, and  in  fema^  whom  he  opened  at  periods  so  near  to  con- 
ception, that  the  ovum  was  still  floating  in  the  uterus.  Its  substance 
appeared  at  the  same  time  redder,  softer,  less  compact  and  more 
vascular  than  usuaL  In  the  case  to  which  we  have  more  than  once 
alluded  from  Sir  Evxbard  Home,  the  lining  of  the  uterus  was 
covered  by  a  beautiful  flocculent  appearance,  about  the  seventh  or 
eighth  day  after  impregnation.  The  soft  flocculent  membrane, 
which  forms  in  this  way,  is  the  metnbrana  caduca  or  deddua, 
first  described  by  Hunteb; — the  epichorion  of  Chaussieb. 

The  arrangement  of  this  membrane  has  given  rise  to  some  dis- 
cussion. Yni.  HuKTEB  conceived  it  to  be  thicker  the  nearer  to 
the  time  of  conception,  and  that  it  became  gradually  thinner  dur- 
ing pregnancy;  still  existing,  however,  during  delivery,  and  being 
then  thrown  ofi*, — whence  its  name  deciduaj'^zviA  renewed  at 
each  pregnancy.  He  considered  it  to  have  three  apertures,  one 
corresponding  to  the  os  uteri,  and  one  to  each  Fallopian  tube ;  that, 
at  firs^  it  consisted  of  one  layer  adherent  to  the  uterus;  but,  sub- 
sequently, a  second  formed,  which  adhered  to  the  ovum,  and  which 
be  called  tunica  decidua  reflexa. 

The  opinions  of  most  of  the  anatomists  of  the  present  day  are 
in  favour  of  one  of  two  views.  It  is  maintained  by  some,  that  one 
of  the  first  effects  of  conceptioa  is  to  cause  the  secretion  of  a  con- 
siderable quantity  of  a  sero-albuminous  substance  from  the  inner 
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surface  of  the  uterus;  so  that  the  organ  becomes  filled  witii  it.  At 
first,  when  the  ovum  arrives  in  the  uterus,  it  falls  into  the  midst 
of  this  secretion,  gradually  absorbing  a  part  by  its  outer  surface  for 
its  nutrition.  The  remainder  is  organized  into  a  double  membrane, 
one  corresponding  to  the  uterus,  the  other  adhering  to  the  ovum. 
This  sero-albuminous  substance  has  been  assimilated,  both  to  the 
white,  with  which  the  eggs  of  birds  become  invested  in  passing 
through  the  oviduct  and  to  the  viscid  substance,  that  envelopes  the 
membranous  ova  of  certain  reptiles.  It  is  conceived  to  plug  up 
both  the  orifices  of  the  Fallopian  tubes,  and  that  of  the  uterus;  and, 
according  to  Krummacher  and  Dutrochet,  it  has  been  seen  ex- 
tending into  the  tubes;  whilst  the  remains  of  that,  which  plugged 
up  the  OS  uteri,  has  been  recognised  under  the  shape  of  a  nipple 
on  the  top  of  the  absorbed  ovum. 

By  others,  it  is  held  that  the  decidua  is  slightly  organized  even 
prior  to  the  arrival  of  the  ovum,  lining  the  whole  of  the  cavity  and 
being  devoid  of  apertures ;  so  that  when  the  ovum  passes  along  the 
tube  and  attains  the  cornu  of  the  uterus,  it  pushes  the  decidua  before 
it;  the  part  so  pushed  forwards  constituting  the  tunica  decidua  re- 
JUa^a^  and  enveloping  the  whole  of  the  ovum  except  at  the  part 
where  the  decidua  leaves  the  uterus  to  be  reflected  over  it  This 
is  the  seat  of  the  future  placenta. 

The  decidua  manifestly  does  not  belong  to  the  ovum ;  for  it  not 
only  exists  prior  to  the  descent  of  the  ovum  into  the  uterus,  but 
is  even  formed,  according  to  Breschet,  in  all  cases  of  extra-ute- 
rine pregnancies.  Chaussier  saw  it  in  several  cases  of  tubal  ges- 
tations. It  existed  in  a  case  of  abdominal  pregnancy,  cited  by 
Lallemant,  and,  according  to  Adelon,  Evrat  affirms,  that  one 
is  secreted  after  every  time  of  sexual  intercourse, — which  is  apo- 
cryphal. • 

When  the  ovum  attains  the  interior  of  the  uterus,  which  it  does 
in  the  first  five  or  six  days  after  conception,  it  forms,  in  a  short 
space  of  time,  a  connection  with  the  uterus  by  means  of  the  pla- 
centa, in  the  mode  to  be  mentioned  hereafter.  During  its  deve- 
lopment, it  is  requisite  that  the  uterus  should  be  correspondently 
enlarged,  in  order  to  afibrd  room  for  it,  as  well  as  to  supply  it  with 
its  proper  nutriment.  These  changes  in  the  uterine  system  will  en- 
gage us  exclusively  at  present 

During  the  first  two  months,  the  augmentation  in  size  is  not 
great,  and  chiefly  occurs  in  the  pelvis;  but  in  the  fourth  the  in- 
crease is  more  rapid.  The  uterus  is  too  large  to  be  contained  in 
the  pelvis,  and  consequently  rises  into  the  hypogastrium.  During 
the  next  four  months  it  increases  in  every  direction,  occupying  a 
larger  and  larger  space  in  the  cavity  of  the  abdomen,  and  crowd- 
ing the  viscera  into  the  flanks  and  the  iliac  regions.  At  the  ter- 
mination of  the  eighth  month  it  almost  fills  the  hypogastric  and 
umbilical  regions ;  and  its  fundus  approaches  the  epigastric  region. 
After  this,  the  fundus  is  depressed  and  approaches  the  umbilicus, 
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leaving  a  flatQesa  above^  which  has  given  rise  to  the  old  French  pro- 
verb:— En  venire  plat f  enfant  y  a. 

During  the  first  five  months  of  utero-gestation,  the  womb  expe- 
riences but  little 

change^      main-         Pig^  141.  Fig.  142. 

taining  a  conoi- 
dal  shape.  After 
this,  however, 
the  neck  dimin- 
ishes in  length, 
and  is  ultimately 
almost  entirely 
efiaced.  The  or- 
gan  has  now  a 

decidedly  ovoid  shape,  and  its  bulk  is,  according  to  Halleb  and 
Lbvrbt,  eleven  and  a  half 

times  greater  than  in  the  Fig.  143. 

unimpregnated  state.  Its 
length,  at  the  full  period, 
has  been  estimated  at  about 
a  foot;  its  transverse  dia- 
meters at  nine  inches.  Its 
circumference,  on  a  level 
with  the  Fallopian  tubes, 
at  twenty-six  inches;  and, 
at  the  uterine  portion  of 
the  cervix  uteri,  thirteen  inches.  Its  weight,  which,  prior  to  im- 
pregnation, was  from  fourteen  to  eighteen  drachms,  is,  at  this  time, 
from  a  pound  and  a  half  to  two  pounds. 

Whilst  the  uterus  is  undergoing  expansion,  the  size  and  situation 
of  the  parts,  attached  to  it,  also  experience  modification.  The  broad 
ligaments  are  unfolded;  the  ovaries  and  Fallopian  tubes  are  raised 
a  little,  but  are  subsequently  applied  against  the  sides  of  the  uterus. 
The  vagina  is  elongated.  The  round  ligaments  yield  to  the  eleva- 
tion of  the  organ  as  far  as  their  length  will  permit;  but  ultimately 
they  draw  the  uterus  forwards,  so  that  the  great  vessels  of  the  ab- 
domen are  not  injuriously  compressed.  The  parietes  of  the  abdo- 
men are  so  much  distended  that  the  cuticle  yields,  so  that  an  ap- 
pearance of  cicatrices  always  exists  on  the  abdomen  of  one  who 
has  borne  children;  and,  occasioually,  the  fasciculi  of  the  abdominal 
muscles  will  separate  so  as  to  give  rise  to  ventral  hernia. 

^  The  changes,  produced  in  the  uterus,  are  not  limited  to  simple 
dilatation  of  its  tissue.  Its  condition  has  experienced  various  altera- 
tions, dependent  upon  the  new  mode  of  nutrition  it  has  assumed; 
and  whatever  may  be  the  doubts  with  regard  to  the  muscularity  of 
its  tissue,  in,  the  unimpregnated  state,  there  can  be  none  rej^arding 
that  of  the  gravid  uterus.  The  whole  organ  has  undergone,  not 
only  extension,  but  inspissation  of  its  parietes.  In  its  unimpregnated 
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condition,  it  is  about  four  lines  thick;  in  the  third  month  of  utero* 
testation,  five.  Its  arteries  enlarge  as  well  aft  its  veins,  which  latter 
form  large  dilatations  at  the  inner  surface.  These  have  been  called 
uterine  sinuses.  Its  nerves  are  matly  increased  in  size,  as  well 
as  its  lymphatics;  and  Its  proper  tissue,  from  being  hard,  whitish, 
and  incontractile,  has  become  red,  soft,  spongy,  and  capable  of  en^ 
ergetic  contraction. 

A  difference  of  sentiment  has  existed  with  regard  to  the  natare 
of  the  new  tissue  of  the  uterus;  some  comparing  it  to  the  middle 
coat  of  arteries ;  others  describing  it  as  partly  cellular  and  partly 
muscular;  but  the  majority  esteeming  it  to  be  muscular. 

The  arrangement  of  its  fibres  is  not  clearly  understood.  Grene- 
rally,  perhaps,  they  are  described  as  running  externally,  in  a  longi- 
tudinal direction,  from  the  fundus  to  the  neck;  and  beneath  this 
plane  is  another  with  circular  fibres;  but  within  this  the  fibres  are 
interlaced  in  inextricable  confusion.  Some  anatomists,  however, 
enumerate  as  many  as  seven  superposed  planes.  The  fibres  are 
of  much  lighter  colour  than  those  of  ordinary  muscles,  are  more 
like  those  of  the  bladder  and  intestines,  and  are  cdlected  in  very 
flat  and  loose  fasciculi. 

The  development  of  this  structure  would  not  seem  to  be  limited 
to  the  pregnant  condition.  It  appears  to  occur  whenever  the 
uterus  is  increased  in  size,  as  has  been  remarked  by  Dr.  Horjobk 
and  by  Lobstein.  The  muscular  layers  are  thickest  at  the  fun« 
dus  uteri.  At  the  cervix  uteri,  they  are  extremely  small  and  in- 
distinct 

After  the  ovum  has  attained  the  interior  of  the  uterus,  and  en- 
tered the  flocculent  decidua,  it  speedily  becomes  connected  with  the 
uterus  by  means  of  a  body  to  be  described  hereafter,  called  ihepkh 
centOy  which  receives  blood  from  the  mother  by  its  uterine  surface, 
and  by  its  foetal  side  communicates  with  the  foetus  by  a  vascular 
cord,  which  enters  the  umbilicus  of  the  foetus. 

The  seat  of  the  attachment  of  the  placenta  is  not  al  wajrs  the  same 
Frequently,  it  is  near  one  of  the  oomua  of  the  uterus;  but  occasion- 
ally it  is  implanted  over  the  os  uteri.  The  diversity  of  position  has 
given  occasion  to  difference  of  opinion,  regarding  the  causes  that 
influence  it  By  some,  it  has  been  presumed,  that  in  whatever  part 
of  the  uterus  the  ovum  lodges,  when  it  quits  the  Fallopian  tube, 
there  an  adhesion  is  formed.  By  others,  it  has  been  said,  that  as 
the  ovum  pushes  the  decidua  at  the  mouth  of  the  Fallopian  tube  be- 
fore it  into  the  uterus,  the  attachment  of  the  placenta  must  be  near 
the  orifice  of  the  tube.  Such  would,  indeed,  appear  to  be  the  fact 
in  the  majority  of  cases,  but  we  see  so  many  irregularities  in  thitf 
respect,  as  to  preclude  us  from  assigning  any  very  satisfactory  rea- 
son for  it 

Along  with  the  changes  that  supervene  in  the  generative  appa- 
ratus during  pregnancy,  the  whole  system  commonly  sympathizes 
more  or  l6ss  in  the  altered  condition.  Some  females,  however,  pass 
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through  the  whole  course  of  gestation  with  but  very  dight  or  no 
disturbance  of  the  ordinary  functions;  whilst  with  otfiers  it  is  a  pe- 
riod of  perpetual  suffering. 

One  of  the  earliest  and  most  common  signs  is  suppression  of  the 
eatamenial  discbarge;  but  of  itself  this  cannot  be  relied  on,  as  it 
may  result  from  disease.  Soon  after  impregnation,  the  digestive 
and  cerebral  functions  exhibit  more  or  less  modification.  The  fe- 
male is  affected  with  nausea  and  vomiting,  especially  in  the  morn- 
ing after  rising;  the  appetite  is  most  fastidious;  substances,  which 
previously  excited  loathing  being  at  times  desired  or  longed  for 
with  the  greatest  avidity  ;>  whilst,  on  the  contrary,  cherished  ar- 
ticles of  diet  can  no  longer  be  regarded  without  disgust  The  sleep, 
too,  is  apt  to  be  disturbed;  the  temper  to  be  unusually  irritable, 
even  with  those  possessed  of  signal  equanimity  on  other  occasions. 
The  mammsB  enlarge,  and  sometimes  lancinating  pains  are  felt  in 
them;  and  a  secretion  of  a  whitish  serum  can  often  be  pressed  from 
the  nipple.  The  areola  around  the  nipple  becomes  of  a  darker  co- 
lour in  the  first  pregnancy  than  it  is  in  the  virgin  state;  and  it  is 
darker  during  each  successive  pregnancy  than  when  the  female  is 
not  pregnant  This  appearance  is  one  of  the  best  single  proofs  of 
the  existence  of  pregnancy ;  but  it  is  obvious  that,,  for  accurate  dis- 
crimination, it  is  necessary  to  be  aware  of  the  hue  in  each  particu- 
lar case  in  the  unfecundated  state.  Along  with  these  signs,  the  ute- 
rus gradually  enlarges;  and  about  the  end  of  the  fourth  calendar 
month  or  the  eighteenth  week,  quickening j — as  it  is  usually  but 
erroneously  termed, — takes  place,  or  the  motion  of  the  child  is 
firat  felt  Prior  to  this, — from  the  first  moment,  indeed,  of  a  fe- 
cundating copulation, — the  female  is  quick  with  child,  but  it  is  not 
until  this  period,  that  the  foetus  has  undergone  the  development  ne- 
cessary for  its  movements  to  be  perceptible.  This  occurrence  es- 
tablishes the  existence  of  gestation,  whatever  doubts  may  previously 
have  existed. 

In  cases  where  there  is  much  corpulence,  or  where  the  fluid,  sur- 
rounding the  foetus,  is  in  such  quantity  as  to  throw  obscurity  about 
the  case,  it  may  be  necessary,  for  the  purpose  of  verifying  the  ex- 
istence of  pregnancy,  to  institute  an  examination  per  vaginam^ 
This  can  rarely  afford  much  evidence,  prior  to  the  period  of  quick- 
ening; but,  after  this,  the  examination,  by  what  the  French 
term  the  nwuvenient  de  ballottement,  will  indicate  the  pre- 
sence or  the  contrary  of  a  foetus  in  the  womb.  This  mode  of  exami- 
nation consists  in  passing  the  forefinger  of  one  hand  into  the  va- 
S^ina, — the  female  being  in  the  erect  attitude, — and  in  giving  the 
betus  a  sudden  succussioa  by  means  of  the  oUier  hand  placed  upon 
the  abdomen.  In  this  way,  a  sensation  is  communicated  to  the 
finger  in  vagind,  which  is  often  of  an'  unequivocal  character. 
During  the  latter  months,  the  cervix  uteri  exhibits  the  changes 
depicted  in  figures  141,  142  and  143. 

Of  late  years,  M.  Ksboaradec,  of  PariS|  has  recommended  the 
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upplication  of  the  stethoscope,  as  a  means  of  discrimination  in  doubt- 
ful cases.  By  applying  this  instrument  to  the  abdomen  of  a  preg- 
nant female,  the  pulsations  of  (he  arteries  of  the  placenta,  and  of  the 
heart  of  the  foetus  are  audible;  the  first  from  the  fifth  month  of  ges- 
tation, the  second  a  little  later.  This  instrument  may  also  exhibit 
when  the  pregnancy  is  multiple,  by  indicating  the  pulsations  of  two 
or  more  distinct  hearts,  according  as  the  conception  has  been  dou- 
ble, treble,  &c. 

Lastly,  many  uneasy  feelings  attendant  upon  gestation  are  de- 
pendent upon  the  increased  size  of  the  uterus.  These  occur  more 
particularly  during  the  latter  half  of  pregnancy.  The  parietes  of 
the  abdomen  may  not  yield  with  the  requisite  facility,  so  that  pain 
will  be  experienced,  especially  at  the  part  where  the  soft  parietes 
join  the  false  ribs.  The  pressure  of  the  uterus  upon  the  vessels  and 
nerves  of  the  lower  extremities  occasionsjenlargement  of  the  veins 
of  the  legs;  transudation  of  the  serous  part  of  the  blood  into  the  cel- 
lular tissue,  so  as  to  cause  considerable  swelling  of  the  feet  and 
ancles;  numbness  or  pricking  of  the  lower  limbs,  and  the  most  vio- 
lent cramps,  especially  when  the  female  is  in  the  recumbent  pos- 
ture, so  that  she  will  be  compelled  to  rise  suddenly  from  bed  seve- 
ral times  in  the  course  of  the  night  The  same  pressure,  exerted  on 
the  bladder  and  rectum,  especially  during  the  latter  months, brings 
on  a  perpetual  desire  to  evacuate  the  contents  of  these  reservoirs. 

The  duration  of  human  pregnancy  has  given  rise  to  much  dis- 
cussion amongst  medico-legal  and  obstetrical  writers;  and  opinions 
still  fluctuate  largely.  In  the  years  J825-6,  a  case  occurred  before 
the  House  of  Lords,  which  exhibits  this  discordance  in  a  striking 
point  of  view.  It  was  the  Gardner  Peerage  cause,  in  which  the 
principal  accoucheurs  of  the  British  metropolis  were  examined, — in- 
cluding Sir  Charlbs  M.  Clarke,  Drs.  Bleoborouoh,  D.  Davis, 
A.B.  Granville,  Conquest,  Merriman,  Hopkins,  Blundell,  and 
Power.  Of  seventeen  medical  gentlemen,  who  gave  evidence,  five 
maintained  the  opinion,  that  the  period  of  human  utero-gestition  is 
limited  to  about  nine  calendar  months, — from  thirty-nine  to  forty 
weeks,  or  from  two  hundred  and  seventy  to  two  hundred  and  eighty 
days, — and  of  course  considered  it  to  be  an  impossibility  that  the 
claimant  could  have  been  the  productof  a  three  hundred  and  eleven 
days'  gestation.  On  the  other  side,  of  twelve  medical  gentlemen, 
all  of  whom  appeared  to  agree  that  nine  calendar  months  is  the  usual 
term  of  utero-gestation,  most  of  them  maintained  the  possibility, 
that  pregnancy  might  be  protracted  to  nine  and  a  half,  ten,  or  even 
eleven  calendar  months,  and  were,  of  course,  in  favour  of  the  claim- 
ant in  the  cause. 

The  difficulty,that  arises  in  fixingupon  the  precise  term,is  owingto 
the  impracticability,  in  ordi  nary  cases,  ofdetecting  the  time  of  concep- 
tion. The  sensations  of  the  female  are  most  fallacious  guides;  and,ac- 
cordingly,as  has  been  previously  remarked,  she  is  usually  in  the  habit 
of  reckoning  from  ten  days  after  the  disappearance  of  the  catamenia; 
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but  it  is  manifest  that  impregnation  might  have  occurred  on  the  very 
day  after  their  cessation,  or  not  until  a  day  prior  to  the  subsequent  pe- 
riod; so  that,  in  this  way,  an  error  of  at  least  ten  days  might  occur  in 
the  estimation;  and  again,  it  does  not  always  happen,  that  the  men- 
struation, immediately  succeeding,  is  arrested.  Theperiod  of  quicken- 
ing, which  generally  happens  about  the  eighteenth  week  of  utero-ges- 
tation,  does  not  afford  us  more  positive  evidence,  seeing  that  it  is 
liable  to  vary;  being  experienced  by  some  females  much  earlier 
and  by  others  somewhat  later.  We  are,  however,  justified  in  stat- 
ing, that  the  ordinary  duration  of  human  pregnancy  is  nint  caUnr 
dar  months  or  forty  weeks;  but  we  have  no  less  hesitation  in 
affirming,  that  it  may  be  protracted,  in  particular  cases,  much  be- 
yond this.  We  find  in  animals,  where  the  date  of  impregnation 
can  be  rigidly  fixed,  that  whilst  the  usual  term  can  be  determined 
without  difficulty,  numerous  cases  are  met  with  in  which  the  period 
is  protracted,  and  there  is  no  reason  to  doubt,  that  the  same  thing 
happens  occasionally  to  the  human  female. 

In  a  case  detailed  by  Dr.  Dewees,  an  opportunity  occurred  for 
dating  with  precision  the  time  of  fecundation.  The  case  is,  like- 
wise, interesting  in  another  respect,  as  demonstrating  that  fecunda- 
tion dees  not  necessarily  arrest  the  succeeding  catamenial  discharge. 
The  husband  of  a  lady,  who  was  obliged  to  absent  himself  many 
months,  in  consequence  of  the  embarrassment  of  his  affairs,  return- 
ed one  night  clandestinely;  his  visit  being  known  only  to  his  wife, 
her  mother,  and  Dr.  Dewees  himself.  The  lady  was,  at  the  time, 
within  a  week  of  her  menstrpal  period;  and,  as  the  catamenia  ap- 
peared as  usual,  she  was  induced  to  hope,  that  she  had  escaped 
impregnation.  Her  catamenia  did  not,  however,  make  their  appear- 
ance at  the  next  period;  the  ordinary  signs  of  pregnancy  super- 
vened; and  in  nine  months  and  thirteen  days,  or  in  two  hundred 
and  ninety-three  days  from  the  visit  of  the  husband,  she  was  deli- 
vered. 

In  his  evidence  before  the  House  of  Peers,  in  the  cause  alluded 
to.  Dr.  Granville  stated  his  opinion,  that  the  usual  term  of  utero- 
gestation  is  as  we  have  estimated  it;  but  he,  at  the  same  time, 
detailed  the  case  of  his  own  lady,  in  whom  it  had  been  largely  pro- 
tracted. Mrs.  Granville  passed  her  menstrual  period  on  the  7th 
of  April,  and  on  the  15th  of  August  following  she  quickened; — that 
is,  four  months  and  six  or  seven  days  afterwards.  In  the  early  part 
of  the  first  week  in  January,  her  confinement  was  expected  and  a 
medical  friend  desired  to  hold  himself  in  readiness  to  attend.  La- 
bour pains  came  on  at  this  time,  but  soon  passed  away;  and  Mrs.G. 
went  on  till  the  7th  of  February,  when  labour  took  place,  and  the 
delivery  was  speedy.  The  child  was  larger  and  stronger  than  usual, 
and  was  considered  by  Dr.  Granville, — as  well  as  by  Dr.  A.  T. 
Thomson,  the  Professor  of  Materia  Mcdica  in  the  University  of 
London,—- as  a  ten  months  child. 
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I^  in  this  caae^  we  calculate  that  conception  occnrred  only  the 
day  before  the  interrnption  of  menstruation,  three  hundred  and  tax, 
days  must  have  elapsed  between  impregnation  and  birth;  and  if  we 
take  the  middle  period  between  the  last  menstruation  and  the  inter- 
ruption, the  interval  must  have  been  three  hundred  and  sixteen,  or 
three  hundred  and  eighteen  days. 

The  limit,  to  which  the  protraction  of  pregnancy  may  possibly  ex- 
tend, cannot  be  assigned.  It  is  not  probable,  however,  that  it  ever  va- 
ries largely  from  the  ordinary  period.  The  University  of  Heidelberg 
allowed  the  legitimacy  of  a  child,  bom  at  the  expiration  of  thirteen 
months  from  the  date  of  the  last  connubial  intercourse;  and  a  case 
was  decided  by  the  Supreme  Court  of  Friesland,  by  which  a  child  was 
admitted  to  the  succession,  although  it  was  not  bom  till  three  hun- 
dred and  thirty-three  days  from  the  husband's  death;  or  only  a  few 
days  short  of  twelve  lunar  months.  These  are  instances  of  the  ne 
plus  ultra  of  judicial  philanthropy,  and,  perhaps  we  might  say, 
credulity.  Still  although  extremely  improbable  we  cannot  say  that 
they  are  impossible.  This  much,  however,  is  clear,  that  real  excess 
over  two  hundred  and  eighty  days  is  by  no  means  frequent;  and 
we  think,  in  accordance  with  the  civil  code  now  in  force  in  France, 
that  the  legitimacy  of  an  infant  born  three  hundred  da}rs  after  the 
dissolution  of  marriage  may  be  contesjted;  although  we  are  by  no 
means  disposed  to  aJGrm,  that  if  the  character  of  the  woman  be 
irreproachable,  the  decision  should  be  on  the  side  of  illegitimacy. 

At  the  end  of  seven  months  of  utero-gestation  and  even  a  month 
earlier  the  foetus  is  capable  of  an  independent  existence;  provided, 
from  anv  cause,  delivery  should  be  hastened.  This  is  not,  however, 
tike/uu  periody  and  although  labour  may  occur  at  the  end  of  seven 
months,  the  usual  course  is  for  the  foetus  to  be  carried  until  the  end 
of  nine  calendar  months.  If  the  foetus  is  extruded  prior  to  the  pe- 
riod at  which  it  is  able  to  maintain  an  independent  existence,  the 
process  is  termed  abortion  or  miscarriage;  if  between  this  time 
and  the  full  period,  it  is  called  premature  labour. 

With  regard  to  the  causes,  that  give  rise  to  the  extrasion,  we  are 
in  utter  darkness.  It  is  in  tmth  as  inexplicable  as  any  of  the  other 
instinctive  operations  of  the  living  machine.  Yet  although  this  is 
generally  admitted,  the  discussion  of  the  subject  occupies  a  consi- 
derable space  in  the  works  of  some  obstetrical  writers.  Our  know- 
ledge appears  to  be  limited  to  the  fact,  that  when  the  foetus  has 
undergone  a  certain  degree  of  development,  and  the  utems  a  cor- 
responding distention,  its  contractility  is  called  into  action,  and 
the  uterine  contents  are  beautifully  and  systematically  expelled. 
Nor  can  we  always  fix  upon  the  degree  of  distention,  that  shall  give 
occasion  to  the  exertion  of  this  contractile  power.  Sometimes,  it 
will  supervene  after  a  few  months  of  utero-gestation  so  as  to  pro* 
duce  abortion;  at  other  times  it  will  happen  when  the  foetus  is  just 
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viable;  and  at  others,  again,  and  in  the  generality  of  cases,  it  is  not 
elicited  until  the  full  period.  In  cases  of  twins,  the  uterus  will 
admit  of  still  greater  distention  before  its  contractility  is  aroused. 

A  day  or  two  preceding  labour,  a  discharge  is  occasionally  ob- 
served from  the  vagina  of  a  mucous  fluid,  more  or  less  streaked  with 
blood.   This  is  termed  the  show,  because  it  indicates  the  commence- 

went  of  acme  dilatation  of  the  neck,  or  mouth  of  the  womb, the 

forerunner  of  labour  or  travail. 

The  external  organs,  at  the  same  lime,  become  tumid  and  flabby. 
The  oriflce  of  the  uterus,  if  an  examination  be  made,  is  perceived 
to  be  enlarging;  and  its  edges  are  thinner.  Along  with  this,  slight 
grinding  pains  are  experienced  in  the  loins  and  abdomen.  After  aa 
uncertain  period,  pains  of  a  very  different  character  come  on,  which 
commence  in  the  loins,  and  appear  lo  bear  down  towards  the  os 
nleri.  These  are  not  constant,  but  recur,at  first  after  long  intervals, 
and  subsequently  after  shorter; — (he  body  of  the  uterus  manifestly 
contractingwilhgreatforce,  soastopresstheovum  down  against  the 
mouth  of  the  womb,  and  to  dilate  it  In  this  way,  the  membranes 
of  the  ovum  protrude  through  the  os  uteri  with  their  contained 
fluid,  the  pouch  being  occasionally  termed  the  bag  of  waters. 
Sooner  or  later  the  membranes  give  way,  the  tiia^ers  are  discharged, 
and  (he  uterus  contracts  so  as  to  embrace  the  body  of  the  child, 

which  was  previously  impracticable,  except  through  the  medium  of 

the  liqnor  amnii. 
At  the  commencement  of  labour,  the  child's  head  has  not  entered 

the  pelvis,  the  occiput,  as  in 

the  marginal  figure,  being  Fig.  144. 

generally  towards  the  left 

acetabulum ;  but,  when  the 

uterine    contractions     be- 
come more  violent,  and  are 

accompanied   by  powerful 

efforts  on  the  part  of  the 

abdominal     muscles,     the 

head  enters  the  pelvis,  the 

tnouth  of  the    womb  be- 
comes lar^Iy  dilated,  and 

the  female  is  in  a  state  of 

agitation   and  excitement, 

owing  to  the  violence  of  the 

efforts,  and  the  irresistible 

desire  she  has  of  assisting 

them  as  far  as  lies  in  her 

power.  When  the  head  has 

entered  the  pelvis,  in  the 

position  described,in  which 

the  long  diameter  corres- 
ponds lo  the  longdiuneter  of  the  pe1vi9,it  deseribes,1aterally,aii«-c  of 
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acii«Ie,  the  face  paraing  into  the4tollow  qfthe  aacrom,  and' the  ocdput 
behind  the  arch  of  the  pubes, 
Fig.  145-  u  in  Fig.  145.  By  the  conti- 

nuanceof  the  pains,  the  head 
presents  at  the  vulva.     The 
pains  now  become  most  ur- 
1  gentand  forcing.  Theoscoc- 
I  cygis  is  pushed  backwards, 
I  and  the  perineum  is  distend- 
'  ed, — at  times  so  considera- 
bly, as  to  threaten,  and  even 
to  effect  laceration;  the  anus 
is  also  forced  open  and  pro- 
truded; the  nymphs:  and  ca- 
runculffi  of  the  vagina  are  ef- 
faced;  the  labia  separated, 
Iand  the  head  clears  the  vulva, 
from  the  occiput  to  the  chin, 
experiencing  a  vertical  ro- 
tation as  depicted  in   Fig. 
146.    When  the  head  is  ex- 
truded,the  shoulders  and  rest 
of  the  body  readily  follow,  on 
account  of  their  smaller  dimensions.     The  child,  however,  still  re- 
mains  attached   to 
the  mother  by  the 
navel-string,  which 
has  to  be  tied,  and 
divided  at   a    few 
fingers'        breadth 
from  the  umbilicus. 
Aflerthe  birth  of 
the  child, the  female 
has  generally  a  short 
interval  of  repose; 
but,  in  a  few  mi- 
tt u  tes,  si  ight  bear  in  g 
down  pains  are  ex- 
perienced, owing  to 
the   contraction   of 
the  uterus  for  the 
separation    of    the 
placenta,  and  of  the 
membranes  of  the 
ovum,  called  the  *e- 
cttndines  or  a/ler- 
birth. 
The  process  of  parturition  is  accomplished  in  a  longer  or  shorter 


Fig.  146. 
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time,  according  to  the  particular  conditions  of  the  female  and  foetus, 
in  different  individuals,  and  in  the  same  individual  in  different  la- 
bours. The  parts,  however,  when  once  dilated,  yield  much  easier 
afterwards  to  similar  efforts,  so  that  the  first  labour  is  generally  the 
most  protracted. 

After  the  separation  of  the  secundines,  the  female  is  commonly 
left  in  a  state  of  debility  and  fatigue;  but  this  f^adually  disappears. 
The  uterus  also  contracts;  its  vessels  become  tortuous,  small,  and 
their  orifices  are  plugged  up.  For  a  short  time  blood  continues  io 
be  discharged  from  them;  but  as  they  become  obliterated  by  the 
return  of  the  uterus  to  its  usual  size,  the  discharge  loses  its  sangui- 
neous character,  and  is  replaced  by  one  of  a  paler  colour,  called  the 
lochia,  which  gradually  disappears,  and  altogether  ceases  in  the 
course  of  two  or  three  weeks  after  delivery. 

For  a  day  or  two  after  delivety  coagula  of  blood  form  in  the  in- 
terior of  the  uterus,  especially  in  the  second  and  subsequent  labours, 
which  excite  the  organ  to  contraction  for  their  expulsion.  These 
conlncttons  are  accompanied  with  pain, and  are  called  after-pains: 
as  their  object  is  the  removal  of  tjial  which  interferes  with  the  re- 
turn of  the  uterus  to  its  proper  dimensions,  it  is  obvious  that  they 
ought  not  to  be  officiously  interfered  with. 

Whilst  the  uterus  is  contracting  its  dimensions,  the  other  parts 
gradually  resume  the  condition  they  were  in  prior  to  delivery ;  so  that 
in  the  course  of  three  or  four  weeks,  it  is  impracticable  to  pronounce 
positively,  whether  delivery  has  recently  taken  place  or  not. 

Lahouri^z  thus  accomplished,  is  more  deserving  of  the  term  in 
the  human  female  than  in 

animals;  and  this  is  partly  Fig.  147. 

owing  to  the  lai^  size  of 
the  f(Etal  head,  and  partly* 
to  the  circumstance,  that  in 
the  animal  the  axis  of  the 
pelvis  is  the  same  as  that  of 
the  body,  whilst  in  the  hu- 
man female,  the  axis  of  the 
brim,  as  represented  by  the 
dotted  straight  lines  in  Fig, 
146,  forms  a  considerable 
angle  with  that  of  the  outlet.  : 

The  position  of  the  child,  i 
exhibited  in  Fig.  144,— with 
the  face  behind  and  the  oc> 
cipital  before, — constitutes 
the  usual  presentation  in 
natural  labour.  Of  twelve 
thousand  six  hundred  and 
thirty-three  children,  born 
at  the  Hospict  de  la  Mar 
temiti  of  Paris,  twelve  thoiuan<il  one  hundrvd  aAd  twenty,  accord- 
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ing  to  M.  Jules  Cloqvbt,  were  of  this  presentatioD;  sixty-tbree  htd 
the  face  turned  forward;  one  hundred  and  ninety-eight  were  breech 
pitsentations;  (see  Fig.  147;)  in  one  hundred  and  forty-seven  cases  the 
feet  presented ;  and  in  three  the  knees.  All  these,  howeyer^are  cases, 
in  which  labour  can  be  effected  without  assistance;  the  knee  and  feet 
presentations  being  identical,  as  regards  the  process  of  delivery, 
with  that  of  the  breech.  But  whenever  any  other  part  of  the  fcBtus 
presents,  the  position  is  unfavourable,  and  requires  that  the  hand 
should  be  introduced  into  the  uterus,  with  the  view  of  briogiog 
down  the  feet,  and  converting  the  case  into  a  foot  presentation.  The 
details  of  this  subject,  however,  belong  more  appropriately  to  ob- 
stetrics. 


When  the  child  has  been  separated  from  the  mother,  and  coq- 
tinues  to  live  by  the  exercise  of  its  own  vital  powers,  it  has  still  to 
be  dependent  upon  her  for  the  nutriment  adapted  to  its  tender  con- 
dition. Whilst  in  utero  this  nutriment  consisted  of  fluids  placed  in 
contact  with  it,  but,  after  birth,  a  secretion  serves  this  purpose, 
which  has  to  be  received  into  the  stomach  and  undergo  the  diges- 
tive process.  This  secretion  is  the  milk.  It  is  prepared  by  the 
mammas  or  breasts^  the  number,  size,  and  situation  of  which  are 
characteristic  of  the  human  species.  Each  breast  contains  a  mam- 
mary gland,  surrounded  by  the  fat  of  the  breast,  and  resting  on  the 
pectoralis  major  muscle.  It  is  formed  of  several  lobes,  united  by  a 
somewhat  dense,  cellular  tissue,  and  consisting  of  smaller  lobules, 
which  seem,  again,  composed  of  round  granulations,  of  a  rosy-white 
colour,  and  of  about  the  size  of  a  poppy  seed.  The  glandular  gra- 
Dula  give  origin  to  the  excretory  ducts,  called  tubuli  lactijeri  or 
{"a/ac/c^Aon,  which  are  tortuous, extensible,  and  transparent  These 
enlarge  and  unite  with  each  other,  but  so  that  those  of  each  lobe  re- 
main distinct  from,  and  have  no  communication  with,  the  ducts  of 
any  other  lobe.  All  these  finally  terminate  in  sinuses,  near  the  base 
of  the  nipple,  which  are  fifteen  or  eighteen  in  number,  and  open  on 
the  nipple,  without  having  communication  with  each  other. 

The  size  and  shape  of  the  breast  are  chiefly  caused  by  the  cel- 
lular tissue  in  which  the  mammary  gland  is  situated:  this  is  co- 
vered by  a  thin  layer  of  skin,  which  is  extremely  soft  and  delicate, 
and  devoid  of  folds.  In  the  middle  of  the  breast  is  the  tubercle, 
called  the  nippky—K  prominence  consisting  of  an  erectile  spon^ 
tissue, differing  in  colour  from  the  rest  of  the  breast,— and  around  it 
is  the  areola^  which  is  of  a  rosy  hue  in  youth,  but  becomes  darker 
in  the  progress  of  life,  and  the  capillary  system  of  which  is  so  deli- 
cate as  to  blush,  like  the  countenance,  under  similar  emotions.  The 
changes,  produced  on  the  areola  by  gestation,  have  been  already 
described.  The  skin,  at  the  base  of  the  nipple,  and  on  its  surface, 
is  rough,  owing  to  the  presence  of  a  number  of  sebaceous  follicles, 
which  secrete  a  fluid  for  the  lubrication  of  the  part,  and  for  defend- 
ing it  from  the  action  of  the  saliva  of  the  infant  during  lactation. 
Numerous  arteries,  veins,  nerves  and  lymphatics,— the  anatomical 
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coDstitueDts  of  oi^nic  textures  in  general^ — also  enter  into  the 
composition  of  the  mammae  and  nipples. 

The  secretion  of  milk  is  liable  to  longer  intermissions  than  any 
other  function  of  the  kind.  In  the  unmarried  and  chaste  female, 
although  the  blood,  whence  milk  is  formed,  may  be  constantly 
passing  to  the  nipple,  no  secretion  takes  place  from  it.  It  is  only 
during  gestation  and  for  some  time  afterwards,  that  the  necessary 
excitation  exists  to  produce  it  Yet  although  largely  allied  to  the 
generative  function, — the  mammas  undergoing  their  chief  develop- 
ment in  puberty  and  becoming  shrivelled  in  old  age, — the  secretion 
may  arise  independently  of  impregnation ;  for  it  has  been  witnessed 
in  the  unquestionable  virgin,  in  the  superannuated  female,  and  even 
in  the  male  sex.  The  fact  as  regards  the  unimpregnated  female  is 
mentioned  by  Hippocrates.  Baudelocque  states,  that  a  young 
girl  at  Alengon,  eight  years  old,  suckled  her  brother  for  the  space 
of  a  month.  Dr.  Gordon  Smith  refers  to  a  manuscript  in  the  col- 
lection of  Sir  Hans  Sloane,  which  gives  an  account  of  a  woman, 
at  the  age  of  sixty-eight,  who  had  not  borne  a  child  for  more  than 
twenty  years,  and  who  nursed  her  grandchildren,  one  after  another; 
and  Dr.  Francis,  of  New  York,  describes  the  case  of  a  lady,  who, 
fourteen  years  previously,  was  delivered  of  a  healthy  child  after  a 
natural  labour.  <' Since  that  period,''  he  remarks,  '^her  breasts 
have  regularly  secreted  milk  in  great  abundance,  so  that,  to  use  her 
own  language,  she  could  at  all  times  easily  perform  the  office  of  a 
nurse."  But  these,  and  cases  of  a  similar  nature,  of  which  there 
are  many  on  record,  do  not  possess  the  same  singularity  as  those  of 
the  function  being  executed  by  the  male.  Yet  we  have  the  most 
unquestionable  authority  in  favour  of  the  occurrence  of  such  in- 
stances. The  Bishop  of  Cork  relates  a  case  in  the  Philosophical 
Transactions  for  1741,  of  a  man  who  suckled  his  child  after  the 
death  of  his  wife.  Humboldt  adduces  one  of  a  man,  thirty-two 
years  of  age,  who  nursed  his  child  for  five  months  on  the  secretion 
from  his  breasts;  and  Captain  Franklin,  in  his  *' Journey  to  the 
shores  of  the  Polar  Sea,"  gives  a  similar  instance. 

It  appears,  therefore,  that  the  secretion  of  milk  may  be  caused, 
independently  of  a  uterus,  by  soliciting  the  action  of  the  mammary 
glands,  but  that  this  is  a  mere  exception  to  the  general  rule,  ac- 
cording to  which  the  secretion  is  as  intermittent  as  gestation  itself. 

We  have  noticed,  as  one  of  the  signs  of  pregnancy,  that  the  breasts 
become  enlarged  and  turgid,  denoting  the  aptitude  for  the  formation 
of  the  fluid;  and  it  not  unfrequently  happens  that,  towards  the  mid- 
dle and  latter  periods  of  pregnancy,  milk  will  distil  from  the  nip- 
Eles.  This  fluid,  however,  as  well  as  that  which  flows  from  the 
reasts  during  the  first  two  or  three  days  after  delivery,  difiers 
somewhat  from  milk,  containing  more  serum  and  butter,  and  less 
easeum,  and  it  is  conceived  to  be  more  laxative,  so  as  to  aid  the  ex- 
pulsion of  the  meconium.  This  first  milk  is  called  colostruntj  pro* 
togalay  &c,  and,  in  the  cow,  constitutes  the  biestings  or  beastings. 
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Oenerally,  about  the  third  day  after  confioeinenty  the  mamime  be- 
come tumid,  hardy  and  even  paiuful,  and  the  secretion  from  this 
time  it  established^  the  pain  and  distention  soon  disappearing. 

It  is  hardly  necessary  to  discuss  the  views  of  Richsrakd,  who 
considers  the  milk  to  be  derived  from  the  lymph;  of  others  who 
dtfive  it  from  the  chyle;  or  of  Girard  of  Lyons,  who  gratuitously 
asserts,  that  there  is  in  the  abdomen  an  apparatus  of  vesselsy-^n- 
termediate  between  the  uterus  and  mammae,— which  continue  in- 
active, except  during  gestation,  and  for  some  time  after  delivery^ 
but,  in  those  conditions,  are  excited  to  activity.  All  these  notions 
are  entirely  hjrpothetical,  and  there  is  no  reason  for  believing,  that 
this  secretion  differs  from  others,  as  regards  the  kind  of  blood  from 
which  it  is  separated.  The  separation  takes  place  in  the  tissue  of 
the  gland,  and  the  product  is  received  by  the  lactiferous  ducts,  along 
which  it  is  propell^  by  the  fresh  secretion  continuously  arriving^ 
and  by  the  contractile  action  of  the  ducts  theaaselves,  the  milk  re- 
maining in  the  ducts  and  sinuses,  until  the  ammmae  are,  at  times, 
considerably  dbtended  and  painful. 

The  excretion  of  the  milk  takes  place  only  at  intervals.  When 
the  lactiferous  ducts  are  sufficiently  filled,  a  degree  of  distention 
and  uneasiness  is  felt,  which  calls  for  the  removal  of  the  contained 
fluid.  At  times,  the  flow  occurs  spontaneously;  but,  commonly^, 
only  when  solicited  either  by  sucking  or  drawing  the  breast,  the 
secretion  under  such  circumstances  being  very  rapid,  and  the  con- 
traction of  the  galactophorous  ducts  such,  as  to  project  the  milk 
through  the  orifices  in  a  thready  stream. 

Milk  is  a  highly  azoted  fluid,  composed  of  water,  caseum,  sugar 
of  milk,  certain  salts, — as  the  muriate,  phosphate,  and  acetate  of 
potassa,  with  a  vestige  of  lactate  of  iron  and  earthy  phosphate, — 
and  a  little  lactic  acid.  According  to  Berzelitts,  it  consists  of 
cream,  and  milk  properly  so  called,— -the  cream  consisting  of 
butter,  4.5;  cheese,  3.5;  whey,  92.0; — and  Uie  whey  of  milk  and 
salt,  4.4; — ^the  milk  containing,  water,  928.75;  cheese,  with  a  trace 
of  sugar,  28.01;  sugar  of  milk,  35.00;  muriate  of  potassa,  1.70; 
phosphate  of  potassa,  OJ25 ;  lactic  acid,  acetate  of  potassa,  and  lac- 
tate of  iron,  6.00 ;  and  phosphate  of  lime,  0.30. 

Human  milk  contains  more  sugar  of  milk  and  less  cheesy  matter 
than  that  of  the  cow;  hence  it  is  sweeter,  more  liquid,  less  coagula- 
Ue,  and  incapable  of  being  made  into  cheese.  Its  quantity  and  cha- 
raeter  diffisr  according  to  the  quantity  and  character  of  the  food,— 
a  circumstance,  which  was  one  of  the  great  causes  of  the  belief,  that 
the  lymphatics  convey  to  the  mammae  the  materials  for  the  secre- 
aon.  The  milk  is,  however,  situated  in  this  respect  like  the  urine, 
whidi  varies  in  quantity  and  quality,  according  to  the  amount  and 
kind  of  solid  or  liquid  food  taken.  The  milk  is  more  abundant, 
thicker,  and  less  acid,  if  the  female  lives  on  animal  food,  but  pos- 
aesses  the  opposite  qualities  when  vegetable  diet  is  used.  It  is  apt, 
also,  to  be  impregnated  with  heterogeneous  matters,  taken  up  from 
the  digestive  canal.    The  milk  and  the  butter  of  cows  indicate  un- 
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equivocally  the  character  of  their  pasturage^  especially  if  they 
have  fed  on  the  turnip,  wild  onion,  &c.  Medicine,  given  to  the 
nother,  may  in  this  way  act  upon  the  infant 

The  quantity  of  milk  secreted  is  not  always  in  proportion  to  the 
bulk  of  the  mammse;  a  female  whose  bosom  is  of  middle  size  often 
secreting  more  than  another  in  whom  it  is  much  more  developed;-— 
the  greater  size  being  usually  owing  to  the  larger  quantity  of  adi- 
pons  tissue  surrounding  the  mammary  gland,  and  this  tissue  is  in 
nowise  concerned  in  the  function. 

The  secretion  of  milk  usually  continues  until  the  period,  when 
the  organs  of  mastication  of  the  infant  have  acquired  the  necessary 
development  for  the  digestion  of  solid  food:  it  generally  ceases 
during  the  second  year.  For  a  great  part,  or  the  whole  of  this  time, 
the  menstrual  flux  is  suspended;  and  if  both  the  secretions, — mam- 
mary andmenstrual — go  on  together,  the  former  is  usually  impo* 
verished  and  in  small  quantity.  Whilst  lactation  continues,  the 
female  is  less  likely  to  conceive;  and  hence  the  importance,— -were 
there  not  even  more  weighty  reasons, — of  the  mother's  suckling  her 
own  child,  in  order  to  prevent  the  too  rapid  succession  of  children. 
When  menstruation  recurs  during  suckling,  it  is  an  evidence  that 
the  womb  is  again  fit  for  impregnation. 

OF   FOETAL   EXISTENCE. 

The  subject  of  fc&tal  existence  forms  so  completely  a  part  of  the 
function  we  are  considering,  that  its  investigation  naturally  succeeds 
to  that  of  the  part  perfonrod  by  the  parents  in  its  production;  and 
especially  as  the  development  of  the  foetus  is  synchronous  with  all 
the  uterine  changes  that  have  been  pointed  out  By  most  writers 
on  physiology  it  has  been  the  custom  to  include  this  subject  under 
the  same  head  as  gestation,  but  the  anatomy  and  physiology  of  the 
fcetus  have  recently  been  so  much  studied  as  to  sanction  their  sepa- 
ration. 

•Anatomy  of  the  Fcetus. 

The  uncertainty,  which  hangs  over  the  immediate  formation  of 
the  new  individual,  has  been  already  mentioned;  and  it  is  not  ne- 
cessary for  us  to  do  more  than  refer  to  the  description  of  the  differ* 
ent  views  regarding  the  predominance  of  the  paternal  or  maternal 
influence  over  the  character  of  the  product  of  generation.  The  mi- 
croscopical observations  of  Mr.  Bauer,  under  the  superintendance 
of  Sir  EvERABD  Home,  would  seem  to  show,  (hat  the  human  ovum 
and  that  of  the  quadruped  consist  of  a  semitransparent,  elastic^  ge- 
latinous substance,  enveloped  in  two  membranous  coverings;  that 
this  substance  is  formed  in  the  ovarium  independently  of  the  male 
influence,  but  requires  the  application  of  such  influence  to  undergo 
its  developments. 

The  period,  at  which  the  embryo  is  first  perceptible  in  the 
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ovule,  differs  in  different  animals.  Haller  asserts,  that  in  sheep^ 
whose  term  of  gestation  is  five  months,  he  could  observe  nothing 
more  than  a  homogeneous  mucus  for  the  first  sixteen  days;  but,  at 
this  time,  membranes  seemed  to  envelope  the  ovule  and  to  give 
it  shape;  and  on  the  twenty-fifth  day,  an  opaque  point  indicated  the 
foetus.  Haighton,  in  experimenting  on  rabbits,  could  detect  no 
change  before  the  sixth  day,  and  the  foetus  was  not  perceptible  till 
the  tenth.  In  the  case,  related  by  Sir  Everard  Home  to  which 
we  have  so  frequently  referred,  the  embryo  was  perceptible,  under 
the  microscope  of  Mr.  Bauer,  and  although  its  weight  did  not 
probably  exceed  a  grain,  the  future  situation  of  the  brain  and  spinal 
marrow  was  apparent.  From  this  period,  and  especially  after  the 
fifteenth  day,  the  ovule  can  be  separated  into  two  distinct  sets  of 
parts, — the  dependencies  of  the  foetus,  and  the  foetus  itself.  These, 
in  the  course  of  pregnancy,  become  more  and  more  readily  se- 
parable. Each  will  require  some  consideration. 

Prior  to  this,  however,  it  may  be  well  to  refer  to  the  changes 
that  the  egg  undergoes  during  incubation;  where  we  have  an  oppor- 
tunity of  observing  the  transmutations  at  all  periods  of  foetal  forma- 
tion, independently  of  all  connexion  with  either  parent  The  subject 
has  engaged  the  attention  of  physiologists  of  all  ages;  but  it  is  chiefly 
to  those  of  more  modern  times^asHiTNTER,  Cuvier,Dutrochet, 
Parker,  Rolando,  Sir  Everard  Home,  MM.  Prevost  and  Du- 
mas, &c.  that  we  are  indebted  for  more  precise  information  on  the 
subject;  although,  unfortunately,  they  are  by  no  means  of  accord- 
ance on  many  points.  The  investigations  of  Sir  Everard  Home, 
aided  by  those  of  the  excellent  microscopic  observer,  Mr.  Bauer, 
are  peculiarly  interesting  from  the  engravings  that  accompany 
them,  some  of  which  we  shall  borrow  in  elucidation  of  the  foUow- 
ingbrief  description. 

The  egg  of  a  bird,  of  a  hen  for  example,  consists  of  two  descrip- 
tions of  parts; — those  which  are  but  little  concerned  in  the  deve- 
lopment of  the  new  being,  and  which  remain  after  the  chick  is 
hatched, — as  the  shell  and  the  membrane  lining  it, — and  such  as 
undergo  changes  along  with  those  of  the  chick  and  cooperate  in  its 
formation, — as  the  white,  the  yolk,  and  the  cicatricula  or  molecule. 
The  shell  is  porous,  to  allow  of  the  absorption  of  air  through  it;  and 
of  the  evaporation  of  a  part  of  the  albumen  or  white.  In  the  ova- 
rium it  is  albuminous,  but  in  the  cloaca  becomes  calcareous.  The 
membrane,  membrana  albuminiSy  that  lines  the  shell,  is  of  a  white 
colour,  and  consists  of  two  layers,  which  separate  from  each  other 
at  the  greater  end  of  the  egg,  and  leave  a  space  filled  with  air,  ow- 
ing to  the  evaporation  of  the  white  and  the  absorption  of  air.  This 
space  is  larger  the  older  the  egg.  The  white  does  not  exist,  whilst 
the  egg  is  attached  to  the  ovary.  It  is  deposited  between  the  yolk 
and  the  shell  as  the  egg  passes  through  the  oviduct  Of  the  white  there 
are  two  distinct  kinds; — the  outermost,  thin  and  fluid,  which  evapo- 
rates in  part,  and  is  less  abundant  in  the  old  than  in  the  fresh  laid  et^ 
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aod  another,  situated  within  the  last,  which  is  much  denser,  aod 
only  touches  the  shell  at  the  smaller  extremity  of  the  e^  by  a 
prolon^tion  of  its  substance,  which  has  been  called  the  ligament 
of  the  white.  The  yolk  seems  to  be,  at  first  sight,  a  semifluid  mass 
without  organization;  but  by  examining  it,  it  is  found  to  consist  of 
a  yolk-bag,  two  epidermic  membranes,  which  envelope  it  as  well  as 
the  cicatricula  or  molecule.  Two  prolongations  of  these  men^ 
branes,  knotty,  and  terminating  in  a  flocculent  extremity  in  the 
albumen,  called  chalazes,  or  poles  are  attached  to  the  two  ends  of 
the  egg  and  thus  suspend  it.  It  is  also  surrounded  hy  a  proper 
membrane;  and  lastly,  under  the  epidermic  coats  of  the  yolk,  and 
upon  its  proper  coat  lies  the  cicatricula,  macula,  tread  of  the  cock, 
or  gelatinous  molecule  from  which  the  future  embryo  is  to  he 
formed.     It  is  found  before  the  yolk  leaves  the  ovarium. 

The  external  membrane  of  the  yolk,  when  it  quits  the  yolk-bag, 
is  very  thin  and  deli-  p.     -.A-jm 

cate;    its    surface  is  '*' 

studded  over  with 
red  dots,  which  dis- 
appear in  its  passage 
along  the  oviduct 
When  this  membrane 
is  removed,  there  is 
a  natural  aperturo  in 
the  thick,  spongy 
covering  under  it, 
through  which  isseen 
the  cicatricula  or  mo- 
lecule, surrounded  by 
an  areola,  halo  or 
drculua.  On  exami- 
nation, this  areola 
proves  to  be  nothing 
more  than  that  part 
of  the  surface  of  the 
yolk,  which  is  cir- 
cumscribed by  the 
inai^in  of  the  aper- 
ture. 

The    molecule  or 
cicatricula  itself,  Fig. 
147?"',  has  a  granulat- 
ed   appearance;    and'^™"'»^*"^llSa^*'  <'™^'*''>^^ 
according  to  Sir  Everard  Home  is  made  up,in  the  centre,  of  globules 
tsVb^''  P*rt  of  an'|inch  in  diameter,  surrounded  by  circles  of  a  mixed 
substance;  about  two-thirds  consistipg  of  the  same  small  globules, 
and  one-third  of  larger  oval  globules,  about  Ti^nr*''  P*"^  <>*  ""  '"*'' 


348  OIFBRATIOR. — OF  TBI  raTIN- 

in  diuneterj  the  last  resembling  in  ihape  the  oral  red  globiilei  of 
the  blood  in  the  bird,  excepting  in 
F^.  147'*'.  colour.  Besides  the  globules,  there 

is  some  fine  oil,  which  appears  in 
dropf,  when  the  parts  are  immersed 
ID  water.  Oval  globules  and  oil 
are  also  met  with  in  the^olk  itself, 
but  in  small  proportion  and  devoid 
of  colour. 

When  the  e^ leaves  the  ovariuin, 
F  ig.  1 47C),the  OTar  i  al  y  ol  k-bag  gives 
viKj  at  the  median  li  ae,and  the  yolk 
drops  into  the  commencement  of 
the  oviduct    The    yolk-bags  are 
exceedingly   vascular,    the    outer 
membrane  of  the  yolk  being  con- 
nected  to  them  by  vessels  and  fas- 
ciculi of  fibres,  but  being  readily 
separable  from  them.     During  tlie 
first  hours  of  incubation  no  change 
ii  perceptible   in  the  ^^   but 
about  the  seventh,  the  molecule  is  evidently  enlai^ed,  and  a  mem- 
brane, containing  a  fluid  substance,  is  observable.     This  membrane 
is  the  amnion.    At  this  time  a  white  line  is  perceptible  in  the  mo- 
lecule which  is  the  rudimental  foetus;  and  even  tt  this  early  period, 
according  to  Sir  EtbrabdHoiu;, 
J^.  147  ^1.  the  brain  and  spinal  marrow  can  be 

detected.     The  areola  has  extend- 
ed itself,  and  the  surface,  beyond 
the  line  which  formed  its  bounda- 
ry, has  acquired  the  consistence  of 
a  membrane,  and  has  also  a  dis- 
,  tinct  line  by  which  it  is  circum- 
1  scribed.     Tliis  Sir  Evsrard  calls 
I  the  outer  areola.    In  the  space 
I  betweeen  these  two  areole  are  dis- 
f  tinct  dots  of  an  oily  matter. 

Id  twelve  hours,  the  rudiments 
of  the  brain  are  more  distinct,  as 
well  as  those  of  the  spinal  marrow. 
In   thirty-six  hours,  the  head  is 
turned  to  the  left  side.     The  cere- 
brum and  cerebellum  appear  to  be 
distinct  bodies.     The  iris  is  per- 
Ancgtitunr-uiuvitfuriiieataticBi.      ceptible  through  thc  pupil.    The 
intervertebral  nerves  are  nearly  formed;  those,  nearest  the  head, 
being  the  most  distinct     A  portion  of  the  heart  is  seen.     At 
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this  period,  uoder  the  initer  areola,  apparently  at  the  terminatioD 
of  the  spinal  marrow,  a  vesicle  begins  to  protrude,  which  is'teea 
earlier  in  some  e^s  than  in  others.  The  white  of  egg  is  found  to 
be  successively  aBsorbed  by  the  yolk,  bo  that  the  latter  is  rendered 
more  fluid  and  its  mass  augmented.  The  first  appearance  of  red 
hlood  is  discerned  on  the  surface  of  the  yolk-bag  towards  the  end 
of  the  second  day.  A  series  of  points  is  observed,  which  form 
grooves;  and  these  closing  constitute  vessels,  the  trunks  of  which 
become  connected  with  the  chick.  The  vascular  surface  itself  is 
called  Tf^ra  venosa  or  area  vaseulosa;  and  the  vessel,  by  which 
its  mu-gin  is  defined,  vctui  terminalis.  The  trunk  of  all  the  veins 
joins  the  vena  portae,  whilst  the  arteries,  that  ramify  on  the  yolk- 
bag,  arise  from  the  mesenteric  artery  of  the  chick  and  have  hence 
been  called  omphalo-meaenterie. 

In  two  days  and  a  half,  the  spinal  marrow  has  its  posterior  part 
inclose^:  the  auricles  and  ventricles  of  the  heart  are  perceptible, 
and  the  auricles  are  filled  with  red  blood.  An  arterial  trunk  from 
the  left  ventricle  gives  off  two  large  vessels, — one  to  the  right  side 
of  the  embryo,  the  other  to  the  left; — sending  branches  over  the 
whole  of  the  areolar  membrane,  which  is  bounded  on  each  side  by 
■  large  trunk  carrying  red  blood;  but  the  branches  of  the  two  trunks 
do  not  unite,  there  being  a  small  space  on  one  side,  which  renders 
the  circle  incomplete.  This  Sir  Everabd  Home  calls  the  areolar 
circulation. 

In  three  days,  the  outer  areola  has  extended  itself  over  one-third 
of  the  cirenmierence  of  the  yolk, 
carryiDgthemarginalarteriesalonj;  Pig-  147'^. 

with  it  to  the  outer  edge  but  dimi- 
nished in  size.  The  brain  is  much 
enlai^ed;  the  cerebellum  being 
still  the  larger  of  the  two.  The 
spinal  marrow  and  its  nerves  are 
most  distinctly  formed;  and  the 
eye  appears  to  want  only  the  pig- 
mentum  nigrum.  The  right  ven- 
tricle of  the  heart  contains  red 
blood;  the  arteries  can  be  traced 
to  tiie  head:  the  rudiments  of  the 
wings  and  legs  are  formed,  and  the 
vesicle  is  farther  enlarged,  but  its 
vessels  do  not  carry  red  hlood.  It 
has  forced  its  way  through  the  ex- 
ternal covering  of  the  yolk,  and 
opened  a  communication  through 

this  slit,  by  which  a  part  of  the     Kre,opoi^<'"™^r"«n"iMBb.tion. 
albumen  is  admitted  to  mix  itself  with  the  yolk,  and  gives  it  a  more 
oval  form.     At  this  period,  the  embryo  is  generally  found  to  have 
changed  its  position  and  to  be  wholly  turned  on  the  left  side. 

In  four  days,  the  vesicle  is  more  enlarged,  and  more  vascular,  its 
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vesseb  coDtaining  red  blood.     The  optic  nerve  and  pigroeDtum  ai- 

gmm  of  the  eye  are  visible.     The  outer  areola  extends  half  over 

the  yolk,  with  which  a  larger  portion  of  the  white  ia  now  mixed. 

In  five  days  the  vesicle  has  acquired  a  great  size,  and  become 

exceedingly  vascular,  the  yolk  too 

Fig.  147'*'.  has    become     thinner,    in    coose- 

quence  of  its  admixture  with  more 

of  the  albumen. 

In  six  days,  the  vascular  mem- 
brane of  the  areola  has  extended 
farther  over  the  yolk.  The  vesi- 
cle, at  this  time,  has  suddenly  ex- 
panded itself  in  the  form  of  a  dwi- 
ble  night-cap  over  the  yolk,  and 
its  coverings  are  beginning  to  in* 
close  the  embryo,  the  outermost 
layer  being  termed  the  cAorton, 
the  innermost  the  middle  mem- 
brane. The  amnion  contains  s 
fluid,  in  which  the  embryo  is  sus- 
pended by  the  vessels  of  the  vesi- 
cular membrane.  The  brain  has 
become  enlarged  so  as  to  equal  in 
EgE,Bndir>aftttiM«tiMko.  gije  the  body  of  the  embryo.     Its 

vessels  are  distinctly  seen.     The  two  eyes  equal  the  whole  brain 
in  size.     The  parietes  of  the  tho- 
Fig.  147'"'.  rax  and  abdomen  have  begun  to 

form;  and  the  wings  and  legs  are 
nearly  completed  as  well  as  the 
bill.  At  this  period  muscular  action 
has  been  noticed. 

In  seven  days,  the  vesicle, — hav- 
ing extended  over  the  embryo, — 
has  begun  to  inclose  the  areolar 
covering  of  the  yolk,  and  a  pulsa- 
tion is  distinctly  seen  in  the  trunk 
that  supplies  (he  vesicular  bag 
with  blood.  The  pulsations  were, 
in  one  case,  seventy-nine  in  a 
minute,  whilst  the  embryo  was 
kept  in  a  temperature  of  105°;  but 
when  the  temperature  was  dimi- 
nished, they  ceased,and  when  again 
raised  to  the  same  point,  thepulsa- 
Esg,«d.^dte,m™irt«.  tion  was  reproduced.  The  muscles 

of  the  limbs  now  move  with  vigour. 
In  eight  days,  the  anastomosing  branches  of  the  vesicular  circula- 
tion have  strong  pulsation  in  them. 
In  nine  days  the  vesicle  has  nearly  inclosed  the  yolk. 
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In  tea  days  no  portion  of  the  yolk  is  observable  on  the  outside 
of  the  vesicle. 

The  embryo  being  tal^en  out  of  the  amnion, — now  become  full 
of  water, — the  thorax  is  found 

to  be  completely  formed,  and  Fig.  147^1. 

the  roots  of  the  feathers  very 
distinet. 

The  contents  of  the  egg, 
during  the  formation  of  the 
embryo,  become  much  dimi- 
nished in  quantity,  and  the 
void  space  is  gradually  occu- 
pied by  a  MS,  which  was 
examined  byMr.HATCHETT, 
and  found  to  be  atmospheric 
air,  deposited  at  the  great  end 
of  the  ^g  between  the 
layers  of  the  membrane  lining 
the  shell  Even  prior  to  in- 
cubation, there  is  always  a 
small  portion  of  air  in  this 
place,  which  is  supposed  to 
be  employed  in  aerating  the 

blood,  from   the    time    of    its     Babr}0eribew,HK.U7(«),ibinriiis(heapadnrIiias 

first  acquiring  a  red  colour,  SSSS.^'SS.'T^lSjSSJi^rS'XSC 

till  superseded  in  that  office"**"""'"™'^ 

by  the  external  air  acting  through  the  e^hell  upon  the  blood  in 

tbevessels  of  the  vesicular  membrane,  p-     .47(1] 

with  which  it  is  lined.  *■ 

Between  the  period  of  fourteen  and 
eighteen  days,  the  yolk  becomes  com- 
pletely inclosed  by  the  areolar  mem- 
orRDe;  and  at  the  expiration  of  the 
latter  period  the  greater  part  of  the 
yolk  is  drawn  into  the  body,  as  in  the 
marginal  figure.  At  twenty  days,  the 
chick  is  completely  formed,  the  yolk 
is  entirely  drawn  in,  and  only  portions 
of  the  membrane  belonging  to  the  ve- 
sicle are  seen  externally.  The  yolk- 
bag  has  a  narrow  tube,  half  an  inch 
long,  connecting  it  to  the  intestine, 
eight  inches  above  the  openings  of 
the  ceca  into  the  gut 

The  whole  of  these  changes,  which 
in  the  viviparous  animal  are  effected 
within  the  womb  of  the  mother, 
take  place  in  the  Incubated  chick 
by  virtue  of  its  own   powers;  and"-^'*«—*^£*-"**"'*^ 
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without  any  assistance,  except  that  of  the  atmospheric  air  and 
of  a  certain  degree  of  warmth.  In  the  course  of  incubation  the 
jolk  becomes  constantly  thinner  and  paler  by  the  admixture  of 
the  white;  and  at  the  same  time  innumerable  fringe-like  vessels, 
with  flocculent  extremities,  of  a  singular  structure,  form  on  the  in- 
ner surface  of  the  yolk-bag,  and  hang  into  the  yolk«  The  office  of 
these  is  presumed  to  be,  to  absorb  the  yolk  and  to  convey  it  into 
the  veins  of  the  yolk-bag,  where  it  is  assimilated  to  the  blood  and 
applied  to  the  nutrition  of  the  new  being.  Blubusnbach  states, 
that  in  numerous  and  varied  microscopical  examinations  of  the  yolk- 
bag,  in  the  latter  weeks  of  incubation,  he  thinks  he  has  observed  the 
actual  passage  of  the  yolk  from  the  yellow  flocculent  vessels  of  the 
inner  surface  of  the  bag  into  the  blood-vessels  which  go  to  the 
chick.  He  baa,  at  all  events,  seen  manifest  yellow  streaks  in  the 
red  blood  contained  in  those  veins.  When  the  chick  has  escaped 
from  the  shell,  the  yolk,  we  have  seen,  is  not  exhausted,  but  is  re- 
ceived into  the  abdomen,  and  as  it  communicates  with  the  intestinal 
tube,  it  is  for  some  time  a  source  of  supply  to  the  young  animal, 
until  its  strength  is  equal  to  the  digestion  of  its  appropriate  food. 
The  highly  vascular  chorion  is  manifestly  an  organ  of  aeration,  like 
the  placenta  of  the  mammalia. 

I.  DEPENDENCIES  OF  THE  FCETUS.^These  are  the 
parts  of  the  ovum,  that  form  its  parietes,  attach  it  to  the  uterus, 
connect  it  with  the  foetus,  and  are  inservient  to  the  nutrition  and 
development  of  the  new  being. 

They  consist^ — Firsts  of  two  membranes,  which  constitute  the 
parietes  of  the  ovule  and  which  are  concentric;  the  outermost 
called  the  chorion^  the  innermost,  filled  with  a  fluid,  in  which  the 
foetus  is  placed,  and  called  the  amnion  or  amnios.  Secondly^  of 
a  spongy,  vascular  body,  situate  without  the  chorion,  covering 
about  one-quarter  of  the  ovule,  and  connecting  it  with  the  uterus, 
^^iht  placenta,  TTiirdfyy  of  a  cord  of  vessels,— extending  from  the 
placenta  to  the  foetus,  the  body  of  which  is  penetrated  at  the  umbi- 
licus, by  the  vessels,— called  the  umbilical  cord  or  navel  string: 
Besides  these  dependencies,  anatomists  have  described  a  vesi- 
clc/^filled  with  a  fluid  supposed  to  be  of  a  nutritious  character, 
and  which  has  been  assimilated  to  the  yolk  of  the  egg  of  oviparous 
animals, — called  the  umbilical  vesicle;  and  another  vesicle,  which 
is  only  presumed  to  exist  in  the  human  ovum,  because  it  is  found  in 
that  of  other  mammalia,  called  the  allantois.  It  is  a  sort  of  elon- 
gated bladder,  between  the  chorion  and  amnion  and  communicates 
with  the  urinary  bladder  by  the  urachus.  These  last  organs  con- 
sequently belong  more  particularly  to  comparative  anatomy ;  and 
were  this  not  the  case,  the  great  dissidence,  that  prevails  amongst 
authors,  regarding  their  structure  and  uses,  would  incline  us  to  pass 
them  over  without  much  notice.  The  other  dependencies  will  re- 
quire a  more  detailed  description. 
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1.  The  chorion  or  efidochorion  is  the  outermost  of  the  mem- 
branes of  the  OFule.  About  the  twelfth  day  after  coDceptioD,  ac- 
cording to  VsLP£AUy  it  is  thick,  opaque,  resisting,  and  flocculent  at 
both  surfaces.  These  flocculi,  in  the  part  of  the  ovum  that  corres- 
ponds to  the  tunica  decidua  reflexa,  aid  its  adhesion  to  that  mem- 
brane; but,  in  the  part  where  the  ovum  corresponds  to  the  uterus, 
they  become  developed  to  constitute  the  placenta.  At  its  inner 
surface  the  chorion  corresponds  to  the  amnion.  These  two  mem- 
branes are,  however,  separated  during  the  earliest  period  of  foetal 
existence,  by  a  serous  fluid;  but  at  the  expiration  of  three  months, 
the  liquid  disappears  and  they  are  afterwards  in  contact. 

By  many  anatomists,  the  chorion  is  conceived  to  consist  origi- 
nally of  two  laminae;  Velpeau,  however,  denies  this,  and  asserts, 
that  he  has  never  been  able  to  separate  them,  even  by  the  aid  of 
previous  maceration. 

As  the  placenta  is  formed  on  the  uterine  side  of  the  chorion,  the 
membrane  is  reflected  over  the  foetal  surface  of  that  organ,  and  is 
continued  over  the  umbilical  cord,  as  far  as  the  umbilicus  of  the 
foetus,  where  it  is  confounded  with  the  skin,  of  which  it  conse- 
quently appears  to  be  a  dependence.  As  pregnancy  advances,  the 
chorion  becomes  thinner,  and  less  tenacious  and  dense,  so  that  at  the 
full  period,  it  is  merely  a  thin,  transparent,  colourless  membrane, 
which  is  much  more  delicate  than  the  amnion. 

Haller  and  Blttmenbach  affirm  it  to  be  devoid  of  vessels;  but, 
according  to  WsisBERa,  it  receives  some  from  the  umbilical  trunks 
of  the  foetus,  and,  according  to  others,  from  the  decidua.  Dutbo* 
CHET  conceives  it  to  be  an  extension  of  the  foetal  bladder. 

2.  The  amnion  lines  the  chorion  concentrically.  It  is  filled  with 
a  serous  fluid,  and  contains  the  foetus.  In  the  first  days  of  foetal  ex- 
istence, it  is  thin,  transparent,  easily  lacerable,  and  somewhat  re- 
sembling the  retina.  At  first  it  adheres  to  the  chorion  only  by  a 
point,  which  corresponds  to  the  abdomen  of  the  foetus ;  the  other 
portions  of  the  membranes  being  separated  by  the  fluid  already 
mentioned,  called  the  false  liquor  amnii.  Afterwards  the  mem- 
branes coalesce  and  adhere  by  very  delicate  cellular  filaments;  but 
the  adhesion  is  feeble,  except  at  the  placenta  and  umbilical  cord. 

In  the  course  of  gestation,  this  membrane  becomes  thicker  and 
tougher;  and,  at  the  full  period,  is  more  tenacious  than- the  chorion, 
elastic,  semitransparent  and  of  a  whitish  colour. 

Like  the  chorion,  it  covers  the  foetal  surface  of  the  placenta,  en- 
velopes the  umbilical  cord,  passes  to  the  umbilicus  of  the  foetus,  and 
commingles  there  with  the  skin. 

It  has  been  a  question  whether  the  amnion  is  supplied  with  blood- 
vessels. Haller  maintained  the  affirmative,  and  asserts,  that  he 
saw  a  branch  of  the  umbilical  artery  creeping  upon  it  The  fact 
of  the  existence  of  a  fluid  within  it  and  which  is  presumed  to  be  se- 
ereted  by  it,  is  also  greatly  in  favour  of  the  affirmative.  But,  admit* 
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tinr  that  it  is  supplied  with  blood-TesselSi  a  differenoe  has  nisted, 
wiu  r^pffd  to  the  source  whence  they  proceed;  and  anatomical  in- 
Testigation  has  not  succeeded  in  dispelling  it  Monro  affirms,  that 
on  injecting  warm  water  into  the  umbilicil  arteries  of  the  foetus,  the 
water  oozed  from  the  surface  of  the  amnion.  Wrisbsro,  however, 
asserts,  that  he  noticed  the  injection  to  stop  between  the  chorion 
and  amnion;  and  again,  Chaussier  obtained  the  same  results  as 
Monro,  by  injecting  the  vessels  of  the  mother. 

The  amnion  contains  a  serous  fluid,  the  quantity  of  which  is  in 
an  inverse  ratio  to  the  size  of  the  new  being;  so  that  its  weight  may 
be  several  drachms,  when  that  of  the  foetus  is  only  a  few  grains.  At 
first,  the  liquor  amniij — for  so  it  is  called, — is  transparent;  but  at 
the  full  period  it  has  a  milky  appearance,  owing  to  flocculi  of  an 
albuminous  substance  held  in  suspension  by  it  jft  has  a  saline  taste, 
a  spermatic  smell,  and  is  viscid  and  glutinous  to  the  touch.  Vau- 
QUELiN  and  BuNivA  found  it  to  contain,  water,  98.8 ;  albumen,  mu- 
riate of  soda,  soda,  phosphate  of  lime,  and  lime,  1.2.  That  of  the 
cow,  according  to  these  gentlemen,  contains  amniotic  acid;  but 
Prout,  Dulong,  and  Labillardierb  and  Lassai«nb  have  not 
been  able  to  detect  it  Prout  found  some  sugar  of  milk  in  the 
liquor  amnii  of  the  human  female ;  Bsrzbliits  detected  fluoric 
acid  in  it;  Schbblb  free  oxygen;  and  Lassaigns,  in  one  experi- 
ment, a  gas  resembling  atmospheric  air;  in  others  a  gas  composed 
of  carbonic  acid  and  azote.  The  chymical  history  of  this  substance 
is,  consequently,  sufficiently  uncertain.  Nor  is  its  formation  placed 
upon  surer  grounds: — some  physiologists  ascribing  it  to  the  mo- 
ther, others  to  the  foetus; — opinions  fluctuating,  according  to  the 
presumed  source  of  the  vessels  that  supply  the  amnion  with  ar- 
terial blood.  It  has  even  been  supposed  to  be  the  transpiration 
of  the  foetus,  or  its  urine.  The  reply  to  these  views  is,  that  we 
find  it  in  greater  relative  proportion  when  the  foetus  is  small. 
Mbckbl  thinks  that  it  proceeds  chiefly  from  the  mother,  but  that 
about  the  termination  of  pregnancy,  it  is  furnished  in  part  by 
the  foetus.  The  functions,  however,  to  which,  as  we  shall  see,  it  is 
probably  inservient,  would  almost  constrain  us  to  consider  it  a  se- 
cretion from  the  maternal  vessels. 

The  quantity  varies  in  difierent  individuals  and  in  the  same  in- 
dividual, at  difierent  pregnancies,  from  four  ounces  to  as  many 
pints.  Occasionally,  it  exists  to  such  an  amount  as  even  to  throw 
obscurity  over  the  very  fact  of  pregnancy.  An  instance  of  this  kind, 
strongly  elucidating  the  necessity  of  the  most  careful  attention  on 
the  part  of  the  practitioner  in  such  cases,  occurred  in  the  practice 
of  a  respectable  London  practitioner, — a  friend  of  the  author. 
The  abdomen  of  a  lady  had  been  for  some  time  enlarging  by 
what  was  supposed  to  be  abdominal  dropsy:  fluctuation  was  evi- 
dent, and  the  case  appeared  to  be  unequivocal.  A  distinguished 
accoucheur  with  a  surgeon  of  the  highest  eminence  were  called 
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in  consultatioo,  and  after  examiDation^  the  latter  declared^  that 
'Mt  was  an  Augean  stable,  which  nothing  but  the  trocar  could 
clear  out"  As  the  lady,  however,  was  even  then  complaining  of 
intermittent  pain,  it  was  deemed  advisable  to  make  an  examination 
per  vaginctm.  The  os  uteri  was  found  dilated  and  dilating,  and, 
in  a  few  hours  after  this  formidable  decision,  she  was  delivered  of 
a  healthy  child,  the  gush  of  liquor  amnii  being  most  enormous. 
After  its  discharge  the  lady^was  reduced  to  the  natural  size,  and  the 
dropsy  J  of  course,  disappeared! 

S.  Placenta.  This  is  a  soft,  spongy,  vascular  body,  formed  at  the 
surface  of  the  chorion,  adherent  to  the  uterus,  and  connected  with  the 
fcBtus  by  the  umbilical  cord.  The  placenta  is  not  in  existence  during 
the  first  days  of  the  embryo  state.  At  this  period,  the  ovule  is  cover- 
ed with  the  shaggy  secretion  or  granulations  by  which  the  chorion 
is  united  to  the  decidua  reflexa,  where  this  membrane  eovers  it, 
and  by  which  it  adheres  to  the  uterus  and  forms  the  placenta,  where 
the  decidua  is  wanting, — as  it  is  supposed  to  be  in  one  of  the  views 
with  regard  to  the  decidua.  The  formation  of  the  placenta  is  dif- 
ferently accounted  foi*  according  to  those  views.  In  the  opinion  of 
some,  the  flocculi,  which  are  at  first  spread  uniformly  over  the 
whole  external  surface  of  the  chorion,  gradually  congregate  from  all 
parts  of  the  surface  into  one,  uniting  with  vessels,  proceeding 
from  the  nterus,  and  traversing  the  decidua,  to  form  the  pla- 
centa;—the  decidua  disappearing  from  the  uterine  surface  of  the  pla- 
centa about  the  middle  of  pregnancy,  so  that  the  latter  comes  into 
immediate  contact  with  the  uterus.  In  the  opinion  of  others,  the 
placenta  is  formed  by  the  separation  of  the  layers  of  the  chorion, 
and  by  the  development  of  the  difierent  vessels,  that  creep  between 
them.  Again,  Velpeau  maintains,  that  the  placenta  forms  only  at 
the  part  of  the  ovule,  which  is  not  covered  by  the  decidua,  and 
which  is  immediately  in  contact  with  the  uterus;  and  that  it  results 
from  the  development  of  the  granulations  that  cover  this  part  of  the 
chorion;  these  granulations  or  villi,  according  to  Velpeau,  being 
gangliform  organs  containing  the  rudiments  of  the  placental  vessels. 

This  is  an  interesting  topic  of  general  anatomy,  but  one  on  which 
we  are  precluded  from  dwelling.  In  whatever  manner  originally 
produced,  it  is  distinguishable  m  the  second  month,  after  which  it 
goes  on  successively  increasing.  Prior  to  the  full  term,  however, 
it  is  said  to  be  less  heavy,  more  dense,  and  less  vascular,  owing  to 
several  of  the  vessels,  that  formed  it,  having  become  obliterated  and 
converted  into  hard,  fibrous  filaments;  a  change  which  has  been  re- 
garded as  a  sign  of  maturity  in  the  foetus,  and  a  prelude  to  its  birth. 

At  the  full  period,  its  extent  has  been  estimated  at  about  one- 
fourth  of  that  of  the  ovum;  its  diameter  from  six  to  eight  inches;  its 
circumference,  twenty -four  inches;  its  thickness  from  an  inch  to  an 
inch  and  a  quarter,  at  the  centre,  but  less  than  this  at  the  circum- 
ference; and  its  weight,  with  the  umbilical  cord  and  membranes, 
from  twelve  to  twenty  ounces.  All  this  is  subject,  however,  to  much 


350  exHBSATioir.^r  the  roTija. 

Tariatloo.  It  i)  of  a  circular  shape,  aad  the  cord  is  usually  inserted 
into  its  centre.  It  may  be 
'^S-  14»-  atUched  to  any  part  of 

the  uterus,  but  is  usually 
fouud  towards  the  fundus. 
Of  its  two  surfaces,  that 
which  corresponds  to  the 
I    uterus,  is  divided  into  ir- 
j  regularly   rounded  lobes 
I  or  cotyledons,  and  it  is 
f  covered    by   a  soft  and 
'  delicate    eel  lulu-vascular 
membrane,     which,   ac- 
cording to  Chaussier,-^ 
who  believes  that  the  de- 
cidua  invests  the  whole 
ovum, — ia   the    decidua. 
Wbisbkrq,     Lobsteut, 
utoi«„rik«rfu«pi-n.<..  ,nd  Desormbaux,  how- 

ever, who  consider  that  the  decidua  disappears  from  behind  the 
placenta  about  the  fourth  or 
Fife.  149.  fifth  month,  regard  it  as  a  new 

membrane;  whilst  Vblfeau 
maintains  that    the   decidua 
never  exists  there. 
The  fatal  or  umbilical 

Isurjace  is  smooth,  polished, 
covered  by  the  chorion  and 
amnion  and  exhibits  the  dis- 
tribution of  the  umbilical  ves- 
sels, and  the  mode  in  which 
the  cord  is  attached  to  the 
or^n. 

The  following  are  the  ana- 
tomical constituents   of   the 
placenta,    as    described    by 
.  ^.  .J..-.  J  t    ..    _  anatomists.      First.    Blood- 

vessels,  from  two  sources,— 
the  mother  and  the  foetus.  The  former  proceed  from  the  uterus, 
and  consist  of  arteries  and  veins,  of  small  size  but  considerable  num- 
ber. The  vessels,  which  proceed  from  the  fcetus,  are  those  that 
constitute  the  umbilical  cord; — viz.  the  umbilical  vein,  and  the  um- 
bilical arteries.  These  vessels,  after  having  penetrated  the  fcetal 
surface  of  the  placenta,  divide  in  the  substance  of  the  organ,  so 
that  each  lobe  has  an  arterial  and  a  venous  branch,  which  ramify  in 
it,  but  do  not  anastomose  with  the  vessels  of  other  lobes.  Second- 
ly. Expansions  of  the  chorion,  which  are  described  by  some  as 
dividtDg  iato  cellular  sheaths  and  accompanying  (he  vessels  to  thur 
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final  raroiiications;— -an  arrangement  which  is,  however,  contested 
by  others.  Thirdly.  White  filaments,  which  are  numerous  in  pro- 
portion to  the  advancement  of  pregnancy,  and  which  seem  to  be 
only  obliterated  vessels.  Fourthly,  A  kind  of  intermediate  cellu- 
lar tissue,  serving  to  unite  the  vessels  together,  and  which  has  been 
regarded,  by  some  anatomists,  as  an  extension  of  the  decidua  ac- 
companying those  vessels.  Lastly.  A  quantity  of  blood  poured 
into  this  intermediate  cellular  tissue,  which  may  be  removed  by 
washing. 

In  addition  to  these  constituents,  a  glandular  structure  has  been 
presumed  to  exist  in  it;  as  well  as  lymphatic  vessels;  and  Chaussieb 
and  Rises  say  nerves,  proceeding  from  the  great  sympathetic  of  the 
foetus. 

The  uterine  and  the  foetal  portions  of  the  placenta  are  quite  dis- 
tinct from  each  other,  during  the  two  first  months  of  foetal  life;  but 
afterwards  they  constitute  one  mass.  Still  the  uterine  vessels  re- 
main quite  distinct  from  the  foetal;  the  uterine  arteries  and  veins 
communicating  freely  with  each  othBr,  as  well  as  the  foetal  arteries 
and  veins;  but  no  direct  communication  existing  between  the  ma- 
ternal and  foetal  vessels. 

4.  Umbilical  cord, — From  the  foetal  surface  of  the  placenta  a 
cord  of  vessels  passes,  which  enters  the  umbilicus  of  the  foetus,  and 
has  hence  received  the  name  umbilical  cordj  as  well  as  that  of 
navel-string.  It  forms  the  medium  of  communication  between  the 
foetus  and  the  placenta.  *  "  •  ' 

During  the  first  month  of  foetal  existence,  the  cord  is  not  percep- 
tible; the  embryo  appearing  to  be  in  contact,  by  the  anterior  part 
of  its  body,  with  the  membranes  of  the  ovum. 

In  an  embryo,  a  month  old,  Beclard  observed  vessels  creeping 
for  a  certain  space  between  the  membranes  of  the  ovum,  from  the 
abdomen  of  the  foetus  to  a  part  of  the  chorion,  where  the  rudi- 
ments of  the  future  placenta  were  visible.  During  the  fifth  week, 
the  cord  can  first  be  detected,  at  which  period  it  is  straight,  short, 
and    very  large, 

owing  to  its  con-  Fig.  150. 

taining  a  portion 
of  the  intestinal 
canal.  It  presents 
also,  three  or  four 
dilatations,  sepa- 
rated by  as  many 
contracted  por- 
tions or  necks;  but 
these  gradually 
di8appear,thecord 
lengthens  and  be- 
comes smaller,  and 
occasionally  it  is  twisted,  knotted  and  tuberculated  in  a  strangely  in- 
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«zplieibleiiuuiner,(Fig.l50.}  At  tbefull  period,  thelength  of  the  oord 
Tuies;  but,  od  the  average,  it  is  perhaps  about  twenty  inches.  It 
i*  composed  of  three  Tesaels, — the  umbilical  rein,  two  arteries  of 
the  same  name,  of  a  peculiar  Jelly-liiie  substance,  and  is  surrounded, 
as  we  have  seen,  by  the  amniOB  and  chorion.  The  vessels  will  be 
more  particularly  described  hereafter.  They  are  united  by  a  cel- 
lular tissue,  containing  ib&jellj/  qf  the  cord,  a  thick  albumiuous  se- 
cretion, which  bears  some  resemblance  to  jelly,  and  the  quantity  of 
which  is  very  variable.  In  the  fcBtus,  the  cellular  tissue  is  continu- 
ous with  the  sub-peritoneal  cellular  tissue;  and  in  the  placenta,  it 
is  considered  to  accompany  the  ramiGcatious  of  the  vessels. 

It  has  been  already  remarked,  that  Chaussisr  and  Kibes  have 
traced  branches  of  the  great  sympathetic  of  the  foetus  as  far  as  the 
.   placenta. 

According  (o  most  obstetrical  physiologists,  when  pr^oancy  is 
multiple,  the  ova  in  the  uterus  are  generally  distinct,  but  contiguous 
to  each  other.  By  othera,  it  has  been  af&rmed  that  two  or  more 
children  may  be  contained  in  the  same  ovum,  but  this  appears  to 
require  confirmation.  The  placenta  of  each  child,  in  such  multiple 
cases,  may  be  distinct;  or  the  difTerent  placentte  may  be  united  into 
one,  baviog  intimate  vascular  communications  with  each  other.  At 
other  times,  in  twin  cases,  but  one  placenta  exists.  This  gives  origiD 
to  two  cords,  and  at  others,  to  one  only,  which  afterwards  bifur- 
cates and  proceeds  to  both  fcctuses.  Matgrisr,  however,  afErma 
unconditionally,  that  there  is  always  a  placenta  for  each  foetus;  but 
that  it  is  not  uncommon,  in  double  pr^nanciee,  to  find  the  two 

Silaceote  united  at  their  margins;  the  circulation,  however,  of  each 
betus  being  distinct,  although  the  vessels  may  anastomose. 

II.  OF  THE  FCETZTS.— The  ovule  does  not  reach  the  uterusun- 
til  towards  the  termination  of  a  week  after  conception.  On  the  seventh 
or  eight  day  it  has  the  appearance  referred 
Fig.  151.  to  in  the  case  so  often  cited  from  Sir  Evs- 

SAKD  HoMs;  the  future  situations  of  the 
brain  and  spinal  marrow  being  recogni- 
sable with  the  aid  of  a  powerful,  micro- 
scope. On  the  thirteenth  or  fburteeath 
I  day,  according  to  Matohixs,   the  ovum 

is  perceptible  in  the  uterus,  and  of  about 
the  size  of  a  pea,  containing  a  turtud 
fluid,  in  the  midst  of  which  an  opaque 
point  is  suspended, — the  punctum  aaliens. 
onm  ud  BLiwT^  fln«.  din  '^^^  weight  of  this  has  been  valued  at  about 
"^  a  grain. 

Go  the  twenty-first  day,  the  embryo  appears  under  the  shape  of 
a  lai^  ant,  according  to  Ahistotls;  of  a  grain  of  lettuce;  of  a 
grain  of  barley,  according  to  BrRTON;or  of  the  malleus  of  the 
ear,  according  to  BADDELocttux.     At  this  period,   the  different 
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parts  of  the  embryo  have  s  little  more  consistence;  and  those  that 
have  afterwards  to  form  bone,  assume  the  cartilaginous  condition. 
Od  the  thirtieth  day,  some  feeble  signs  of  the  principal  organs 
and  of  the  situation  of  the  upper  limbs  are  Tisiblej — length  four  or 
fire  lines. 

Fig.  ISlC. 


Appanoce  tit  anm  ud  tairjti,  twoitr^iH  daji  old. 

About  the  forty-fifth  day,  the  shape  of  the  child  is  determinatej 
and  it  now,  in  the  language  of  some  anatomists,  ceases  to  be  the 
embryo,  and  becomes  tha /cettis. 

The  limbs  resemble  tubercles,  or  the  shoots  of  vegetables;  the 
body  lengthens,  but  preserves  its  oval  shape,  the 
head  bearing  a  considerable  proportion  to  the  rest  Fig.  152. 
of  the  body.  The  base  of  the  trunk  is  pointed  and 
elongated.  Blackish  points,  or  lines,  indicate  the 
presence  of  the  eyes,  mouth,  and  nose;  and  similar, 
parallel  points  correspond  to  the  situation  of  the 
vertebrae.     Length  ten  lines. 

In  the  second  month,  mostof  the  parts  of  the  fostus 
exist.  The  black  points,  which  represented  the  eyes,    ^pp..^^  ^  a« 
enlarge  in  every  dimension;  the  eyelids  are  sketch- ra«iu«ibnr-a?*d«jt. 
ed,  and  are  extremely  transparent:  the  nose  begins  to  stand  oat; 
the   mouth   increases,  and   becomes  open;   the         ^r.     ,,„ 
brain  is  soft  and  pulpy;  the  heart  is  largely  de-  *°' 

veloped,  and  opaque  lines  set  out  from  it;  which 
are  the  first  traces  of  large  vessels.  The  fingers 
and  toes  are  distinct 

In  the  third  month,  the  eyelids  are  more  de- 
veloped, and  firmly  closed.  A  small  hole  is 
perceptible  in  the  pavilion  of  the  ear.  The  ate 
nasi  are  disti  aguish  able.  The  lips  are  very  dis- 
tinct, and  approximated,  so  that  the  mouth  is  app«™d«  of  *.  rato. 
closed.  The  genital  organs  of  both  sexes  un-otiwomontki. 
dereo  an  extraordinary  increase  during  this  month.     The  penis  is 
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very  long;  the  scrotum  empty,  frequently  containing  a  little  witer. 
The  vulva  is  very  apparent,  and  the  clitoris  prominent.  The  braini 
iJthough  still  pulpy,  is  considerably  developed,  as  well  as  the  spinal 
marrow.  The  heart  beats  forcibly.  The  lungs  are  insignificant; 
the  liver  very  large,  but  soft  and  pulpy,  and  appears  to  secrete 
scarcely  any  bile.  The  upper  and  lower  limbs  are  developed. 
Weight  two  and  a  half  ounces:  length  three  and  a  half  inches. 

Fig.  154. 


Appcamwe  (f  tte  RMai  ■■  ihm  montlii,  in  io  inaiJmiwt. 

During  the  fourth  month,  all  the  parts  acquire  great  development 
and  character,  except  perhaps  the  head  and  the  liver,  which  in- 
crease less  in  proportion  than  the  other  parts.  The  brain  and  spi- 
nal marrow  acquire  {greater  consistence;  the  muscular  system,  which 
began  to  be  observable  in  the  preceding  month,  is  now  distinct; 
and  slight,  almost  imperceptible  movements  begin  to  manifest 
themselves.  The  length  of  tlie  foetus  is,  at  the  end  of  one  hun- 
dred and  twenty  days,  five  or  six  inches;  the  weight  four  or  five 
ounces. 

During  the  fifth  month,  the  development  of  every  part  goes  on; 
but  a  distinction  is  manifest  amongst  them.  The  muscular  system 
is  well-marked,  and  the  movements  of  the  fcetus  unequivocal.  The 
head  is  still  very  large,  compared  with  the  rest  of  the  body,  and  is 
covered  with  small,  silvery  hairs.  The  eyelids  are  glued  together. 
Length  seven  to  nine  inches;  weight  six  or  eight  ounces.     If  the 
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foetus  be  born  at  the  end  of  five  months,  it  may  live  for  a  few 
minutes. 

In  the  sixth  month  the  dermis  begins  to  be  distinguished  from 
the  epidermis.  The  skia  is  delicate,  smooth,  and  of  a  purple  co- 
lour; especially  on  the  face,  lips,  ears,  palms  of  the  hands  and  soles 
of  the  feet  It  seems  plaited,  owing  to  the  absence  of  fat  in  the  sub- 
cutaneous cellular  tissue.  The  scrotum  is  small,  and  of  a  vivid  red 
hue.  The  vulva  is  prominent,  and  its  lips  are  separated  by  the 
projection  of  the  clitoris.  The  nails  appear,  and,  towards  the  ter- 
mination of  the  month,  are  somewhat  solid.  Should  the  foetus  be 
born  now,  it  is  sufficiently  developed  to  breathe  and  cry,  but  it  dies 
in  a  few  hours.  Length,  at  six  months,  ten  or  twelve  inches. 
Weight  under  two  pounds. 

During  the  seventh  month,  all  the  parts  are  better  proportioned. 
The  head  is  directed  towards  the  orifice  of  the  uterus,  and  can  be 
felt  by  the  finger  introduced  into  the  vagina,  but  it  is  still  very 
movable.  The  eyelids  begin  to  separate,  and  the  membrane,  which 
previously  closed  the  pupil — the  membrana  pupillaris — ^to  disap- 

¥Mr.  The  fat  is  more  abundant,  so  that  the  form  is  more  rotund, 
he  skin  is  redder,  and  its  sebaceous  follicles  are  formed,  which 
secrete  a  white,  sebaceous  substance  that  covers  U;  and  the  testicles 
are  in  progress  to  the  scrotum.  The  length  at  seven  months  is  four- 
teen inches;  the  weight  under  three  pounds. 

In  the  eighth  month,  the  foetus  increases  proportionably  more  in 
breadth  than  in  length.  All  its  parts  are  firmer  and  more  formed. 
The  nails  exist;  and  the  child  is  now  certainly  mablcy  or  capable  of 
supporting  an  independent  existence.  The  testicles  descend  into 
the  scrotum;  the  bones  of  the  skull,  ribs,  and  limbs  are  more  or  less 
completely  ossified.  The  length  is  sixteen  inches;  the  weight  four 
pounds  and  upwards. 

At  the  full  period  of  nine  months,  the  organs  have  acquired  the 
development  necessary  for  the  continued  existence  of  the  infant. 
Length  eighteen  or  twenty  inches;  weight  six  or  seven  pounds.  Dr. 
DfiWEEs  says  the  result  of  his  experience,  in  this  country,  makes 
the  average  weight  above  seven  pounds. 

The  whole  of  this  description  amounts  to  no  more  than  an  ap- 
proximation to  the  truth.  The  facts  will  be  found  to  vary  greatly 
in  individual  cases,  and  according  to  individual  experience:  and 
this  accounts  for  the  great  discordance  in  the  statements  of  different 
observers.  This  discordance  is  strongly  exemplified  in  the  follow- 
ing table,  containing  the  estimates  of  the  length^and  weight  of  the 
foetus  at  difierent  periods  of  intra-uterine  existence;  as  dedu'ced  by 
Dr.  Beck  from  various  observers,  and  as  given  by  Mayorier  on 
his  own  authority.  It  is  proper  to  remark,  that  the  Paris  pound, 
poids  de  marCy  of  sixteen  ounces,  contains  9216  Paris  grains,  whilst 
the  avoirdupois  contains  only  8532.5  Paris  grains ;  and  that  the 
English  inch  is  1.065977  Paris  inch. 
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Beck. 

llaygiicr. 

Beck. 

Maygricr.     1 

Length. 

Weight. 

f ^                   A(                                            .   >l 

At  30  dajB, 

3  to  5  lines 

10  to  12  lines 

9  or  10  grainsi 

2  TDonthB, 

2  inches 

4  inches 

2  ounces 

5  drachms 

3      do. 

3i    do. 

6    do. 

2  to  3  ounces 

2i  ounces 

4     do. 

5  to  6  do. 

8    do. 

4  or  5    do. 

7  or  8  do. 

5      do. 

7  to  9 

10    do. 

9  or  10 

16  ounces 

6     do. 

9  to  12 

12    do. 

1  to  2  pounds 

2  pounds 

7     do. 

12  to  14 

14    do. 

2  to  3    do. 

3     do. 

8      do. 

16 

16    do. 

3  to  4    do. 

4     do. 

The  diflBculty  must  necessarily  be  great  in  making  any  accurate 
estimate  during  the  early  periods  of  foetal  existence;  and  the 
changes  in  the  after  months  are  liable  to  considerable  fluctuation. 
Cbaussier  afSrms,  that  after  the  fifth  month^the  foetus  increases  an 
inch  every  fifteen  days,  and  Maygrier  adopts  his  estimate.  The 
former  gentleman  has  published  a  table  of  the  dimensions  of  the 
foetus  at  the  full  period,  deduced  from  an  examination  of  more  than 
fifteen  thousand  cases.  From  these  we  are  aided  in  forming  a 
judgment  of  the  probable  age  of  a  foetus  in  the  latter  months  of 
utero-gestation; — a  point  of  interest  with  the  medieo*l^;al  inquirer. 
At  the  full  period,  the  middle  of  the  body  corresponds  exactly  with 
the  umbilicus;  at  eighth  months,  it  is  three-quarters  of  an  ineh^  or 
an  inch  higher.  At  seven  months  it  approaches  still  nearer  the 
sternum;  and  at  six  months  it  falls  exactly  at  the  lower  extremity 
of  that  bone;  hence,  if  we  depend  upon  these  admeasurements,  should 
the  middle  of  the  body  of  the  foetus  be  found  to  fall  at  the  lower 
extremity  of  the  sternum,  we  may  be  justified  in  concluding  that 
the  foetus  is  under  the  seventh  month,  and  consequently  not  viabk 
or  rearable.  A  striking  circumstance,  connected  with  the  develop- 
ment of  the  foetusy  is  the  progressive  diminution  in  the  proportion 
between  the  part  of  the  body  above  the  umbilicus  and  that  below 
it  At  a  very  early  period  of  foetal  life,  (see  Figs.  152,  and  153,) 
the  cord  is  attached  near  the  base  of  the  trunk;  but  the  parts  be- 
neath become  gradually  developed,  until  its  insertion  ultimately 
fiftlls  about  the  middle  of  the  body. 

The  position  of  the  foetus  in  utero,  and  the  cause  of  such  position 
*at  various  periods  of  utero*gestation,  have  been  topics  of  some  in- 
terest In  the  early  weeks,  it  aeems  to  be  merely  suspended  by  the 
cord;  and  it  has  been  conceived,  that  because  the  head  is  heavier,  it  is 
the  lowest  part  It  is  difficult,  however,  to  admit  this  as  the  cause  of 
the  position  assumed  in  such  an  immense  majority  of  cases,  or  to 
fancy,  that  the  nice  adaptation  of  the  foetal  position  to  the  parts 
through  which  the  child  has  to  pass  is  simply  dependent  upon  such 
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amechanical  cause.  Gravity  can  afford  us  no  ezplaaationwhy  the  face, 
in  13,120  cases  out  of  12,633,  has  been  found  turned  to  the  rif^ht 
sacro-iliac  synchoudrosis,  (see  Fig.  144,)  and  the  occiput  to  the  left 
acetabulum;  and  in  the  63  of  these  cases  in  which  the  face  was 
turned  forward,  and  in  the  1 98  breech  presentations,  are  we  to  pre- 
sume, that  the  whole  effect  was  owing  to  mere  difference  of  weight 
ia  those  parts  that  were  lowest? 

Fig.  156. 


The  common  poeition  of  the  foetus,  at  the  full  period,  is  exhibited 
in  the  above  illustration.  The  body  is  hent  forward,  the  chin 
resting  on  the  chest,  the  occiput  towards  the  brim  of  the  pelvis,  the 
arms  approximated  in  front,  and  one  or  both  lying  upon  the  face; 
the  thi^s  bent  upon  the  abdomen,  the  knees  separated,  the  legs 
crossed,  and  drawn  up,  and  the  feet  bent  upon  the  anterior  sur&ce 
of  the  leg;  so  that  the  oval,  which  it  thus  forms,  has  been  estimated 
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at  about  ten  inches  in  the  long  diameter;  the  head,  at  the  full  pe- 
riody  resting  on  the  neck,  and  even  on  the  mouth,  of  Ae  womb,  and 
the  breech  corresponding  to  the  fundus  of  the  organ. 

From  the  first  moment  of  a  fecundating  copulation,  the  minute 
matters,  furnished  by  both  sexes,  when  commingled,  commence  the 
work  of  forming  the  embryo.  For  a  short  time,  they  find  in  the 
OTum  the  necessary  nutriment,  and  subsequently  obtain  it  from  the 
uterus.  The  mode,  in  which  this  action  of  formation  is  accomplish- 
ed, is  as  mysterious  as  the  essence  of  generation  itself.  When  the 
impregnated  ovum  is  first  seen,  it  seems  to  be  an  amorphous,  gela- 
tinous mass,  in  which  no  distinct  organs  are  perceptible.  In  a  short 
time,  however,  the  brain  and  spinal  marrow,  and  blood-vessels, 
make  their  appearance,  but  which  of  these  is  first  developed  is  un- 
decided. 

Sir  EvERARD  Home, — from  his  observations  of  the  chick  in  ovo, 
as  well  as  from  the  microscopic  appearances,  presented  by  the  ovum 
in  the  case  of  the  female  who  died  on  the  seventh  or  eighth  day 
after  impregnation,  in  which  a  rudimental  brain  and  spinal  marrow 
were  perceptible, — decides,  that  the  parts,  first  formed,  bear  a  re- 
semblance to  brain,  and  that  the  heart  and  arteries  are  produced  in 
consequence  of  the  brain  having  been  established.  Rolando  also 
assigns  the  priority  to  the  nervous  system.  Meckel,  however, 
admits  no  primitive  organizing  element,  but  believes,  that  the  first 
rudiments  of  the  foetus  contain  the  basis  of  every  part  On  the  other 
hand,  the  recent  researches  of  Sehres,  on  the  mode  of  development 
of  the  nervous  system,  have  induced  him  to  be  in  favour  of  the  ear- 
lier appearance  of  the  blood-vessels ;  and  this  view  appears  to  be 
supported  by  the  fact,  that  if  an  artery  of  the  brain  is  wanting  or  is 
double,  the  nervous  part  to  which  it  is  usually  distributed  is  also 
wanting  or  double.  The  acephalous  foetus  has  no  carotid  or  verte- 
bral arteries ;  whilst  the  bicephalous  or  tricephalous  have  those  ves- 
sels double  or  treble. 

The  successive  development  of  the  different  organs  is  a  topic  of 
deep  interest  to  the  student  of  general  anatomy,  and  has  engaged 
the  attention  of  some  of  the  most  excellent  anatomists  of  modern 
times.  Amongst  these,  Rolando,  Tiedemann,  Ackermann,  Seh- 
res, Velpeau,  Walther,  Beclard,  Rosenmuller,  and  Meckel, 
are  especially  conspicuous.  The  nature  and  limits  of  this  work  will 
preclude  us  from  entering  into  this  investigation  any  farther  than 
to  point  out  some  of  the  most  striking  peculiarities  of  foetal  life. 

The  head  of  the  foetus  is  large  in  proportion  to  the  rest  of  the 
body,  and  the  bones  of  the  skull  are  united  by  membrane;  the 
sagittal  suture  extends  down  to  the  nose,  so  as  to  divide  the  frontal 
bone  into  two  portions;  and  where  this  suture  unites  with  the  coro- 
nal, a  quadrangular  space  is  left,  filled  up  by  membrane,  which  is 
called  the  anterior  fontanelle  or  bregma.  Where  the  posterior 
extremity  of  the  sagittal  suture  joins  the  limibdoidal,  a  triangular 
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■pace  of  a  similar  kind  is  left,  called  the  posterior  fontanelle  or 
posterior  bregma.  It  is  important  for  the  obstetrical  prsctitiooer  to 
bear  in  mind  the  shape  of  these  spaces,  as  they  indicate  to  him  whe- 
ther the  anterior  or  posterior  part  of  the  head  is  the  presenting  part. 

The  pupil  of  the  eye,  in  a  very  young  fcctus,  is  entirely  closed 
by  B  membrane,  called  membrana  pupillaris,  which  arises  from 
the  inner  margin  of  the  iris,  and  continues  there  till  the  seventh 
month,  when  it  gradually  vanishes  by  absorption.  It  is  a  vascular 
substance,  and,  like  the  iris,  to  which  it  is  attached,  separates  the 
two  chambers  of  the  eye  from  each  other,  Wachendorff  first  de- 
scribed it  in  1738;  and  both  he  and  Wrisberg  detected  vessels  in 
it.  Its  vascularity  was  denied  by  Bichat,  but  it  has  been  satisfac- 
torily demonstrated  by  J.  Cloqukt.  The  membrane  is  manifestly 
connected  with  the  process  of  formation  of  the  delicate  organ  to 
which  it  is  attached ;  and,  according  to  Blumenbach,  it  keeps  the 
iris  expanded,  during  the  rapid  increase  of  the  oyeball. 

In  the  upper  part  of  the  thorax  of  the  foetus,  a  large  gland  or  ra- 
ther glandiform  ganglion  exists,  call- 
ed the  thymus.  It  is  situated  in  the  Fig-  156. 
superior  mediastinum,  and  lies  over 
the  top  of  the  pericardium  and  the 
arch  of  the  aorta.  It  has  two  long 
coraua  above,  and  two  broad  lobes 
below.  Its  appearance  is  glandular, 
and  colour  very  variable.  In  (be 
progress  of  age  it  diminishes,  so  that 
in  the  adult  it  is  wasted,  and  in  old 
age  can  scarcely  be  discovered 
amongst  the  cellular  tissue.  It  is 
surrounded  by  a  thin,  cellular  cap- 
sule, which  sends  prolongations  into 
its  interior,  and  divides  it  into  lo- 
bules of  unequal  size,  on  which  se- 
veral vesicles  are  distinguishable, 
filled  with  a  milky  fluid. 

The  thymic  arteries  proceed  from 
the  inferior  thyroid,   internal  mam- 
mary,  bronobic,   mediastinal,     &c. 
The  nerves  proceed  from  the  pneu- 
mogastric,  diaphragmatic,  and  infe- 
rior cervical  ganglia.     It  has  no  ex-  y<™,Mf„iitt™,, 
cretory  duct;  and  Is  one  of  the  most  ."i"'  i>>.™ifd  inugummu.— c,  c.  nwdrf 
obscure,  in  its  physiology,  of  any  ofthi-n»"  iti»nd.-r,  *,  A,  a.  Lunp.-).  k^u 
the  organs  of  the  body.                      'Tai^hiSTd  irfi";.b,'^of^fii«*J^.'''li; 

The  thyroid  gland, vi\nt.h  has  been  ''^Si^^r  rf^ri^r'.''inflii^-^.^iT."X 
described  in  another  place,  and  whose  ^J^^-j^^i  "iriiJXrrt^lL'hiSi^-j'  tK 
functions  are  equally  obscure,  is  also  ™ii«p"»  nmteiiddinj. 
largely  developed  in  the  fcetusj  as  well  as  the  siipra-renal  capsules. 
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The  lungl,  not  having  received  air  in  respiration,  are  collapaed 
tod  deose,  contalDiDg  no  more  blood  than  is  necessary  for  their  nu- 
trition. They  are  of  a  dark  colour,  like  liver,  and  do  not  fill  the 
Ctvities  of  the  chest  Their  specific  gravity  is  greater  than  that  of 
water,  and  consequently  they  sink  in  that  fluid.  On  cuttinginto  them, 
no  air  is  emitted,  and  no  hemorrhage  follows.  The  absolute  weighty 
however,  of  the  lungs  is  less;  no  more  blood,  as  we  have  seen,  being 
sentto  them  than  what  is  necessary  for  their  nutrimenl;  whilst,  after 
respiration  ia  established,  the  whole  of  the  blood  passes  through  them; 
the  vessels  are  consequently  filled  with  blood,  enlarged,  and  the 
organs  themselves  increased  in  absolute  weight.  Ploucquxt  asserts, 
from  experiments,  that  the  weight  of  the  lungs  of  a  full-grown  foe- 
tus, which  never  respired,  is  to  that  of  the  whole  body,  as  1  to  70; 
whilst  in  those,  in  which  respiration  has  been  established,  it  is  as  1 
to  35;  the  absolute  weight  being  thus  doubled.  These  numbers 
cannot,  however,  be  considered  to  afibrd  a  satisfactory  average^  the 
exceptions  being  most  numerous,  but  all  show  that,  as  might 
he  expected,  the  absolute  weight  is  less  prior  to  the  establishment 
of  respiration.  The  subject  is  one  of  great  interest,  connected  with 
infanticide,  and  has  been  treated  in  a  competent  manner  by  Dr.  T. 
Beck  in  his  Elements  of  Medical  Jurisprudence, — decidedly,  in 
our  opinion,  the  best  medico-legal  work  in  existence. 

It  is,  however,  in  the  circulatory  system  of  the  fcetus,  that  we  meet 
with  the  most  striking  peculiarities.     The  heart  is  proportionably 
larger  and  more  conical  than  in  the  adult  The  valve  q/Euataehiut— 
at  the  left  side  of  the  mouth  of  the  inferior  vena  cava,  where  this  vessel 
joins  the  sinus  venosus, — is  larger  than  at  an  afterperiod,  and  is  sup- 
posed to  direct  the  principal  part  of  the  blood  of  that  cava  directly 
through  the  opening  which  exists  between  the  right  and  left  auricle. 
This  opening,  which  is  called  Vhe  foramen  ovale  mforamtnqf 
Botal,  is  in  the  septum  between  the  auricles,  and  is  nearly  equal 
in  size  to  the  mouth  of  the 
inferior  cava.  It  is  situated 
obliquely,  and  has  a  mem- 
brane, forming  a  distinct 
valve,  and  somewhat  of  a 
crescentio  shape,  which  al- 
lows part  of  the  blood  of 
the  right  auricle  to  pass 
through   (he  opening  into 
the   left  auricle,  but  pre- 
vents  its  return. 
I  The  pulmonary  artery, 

instead  of  bifurcating  as  in 
the  adult,  divides  into  three 
branches; — the    right  and 
A,A.LiiB»..-B-Higbt.mi=fc.-CLrfi.nriciR-D.mgwleft  going  to  the  lucgs  of 
SSST'*'™^"*^"*'**™''*  ■*""""*  the     corresponding    side. 
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whilst  the  middle  branchy — to  which  the  name  ductus  arteriosus 
has  been  given, — opens  directly  into  the  aorta;  so  that  a  great  part 
of  the  blood  of  the  pulmonary  artery  passes  directly  into  that  ves- 
sel. From  the  internal  iliac  arteries,  two  considerable  vessels  arise, 
called  the  umbilical  arteries.  These  mount  by  the  sides  of  the 
bladder,  as  in  Fig.  156,  on  the  outside  of  the  peritoneum  and  per- 
forate the  umbilicus  in  their  progress  to  the  umbilical  cord  and  pla- 
centa. 

The  umbilical  vein,  which  is  also  a  constituent  of  the  cord,  and 
conveys  the  blood  from  the  placenta  to  the  foetus,  arises  from  the 
substance  of  the  placenta  by  a  multitude  of  radicles,  which  unite 
together  to  form  it.  Its  size  is  considerable.  It  enters  the  umbi- 
licus, (Fig.  156;)  passes  towards  the  inferior  surface  of  the  liver,  and 
joins  the  left  branch  of  the  vena  porta  hepatica.  Here  a  vessel  arises 
called  the  ductus  venosus,  which  opens  into  the  vena  cavainferior> 
or  joins  the  left  vena  hepatica,  where  that  vein  enters  the  cava.  A 
part  only  of  the  blood  of  the  umbilical  vein  goes  directly  to  the 
vena  cava;  the  remainder  is  distributed  to  the  right  apd  left  lobes 
of  the  liver,  especially  to  the  latter. 

The  digestive  apparatus  exhibits  few  peculiarities.  The  bowels^ 
at  the  full  period,  always  contain  a  quantity  of  greenish,  or  deep 
black,  viscid  faeces,  to  which  the  term  meconium  has  been  ap- 
plied, owing  to  their  resemblance  to  the  inspissated  juice  of  the 
poppy,  (/M.9»Mfy  <  a  poppy.')  It  appears  to  be  a  compound  of  the  secre- 
tions from  the  intestinal  canal  and  bile,  and  frequently  contains 
down  or  fine  hairs  mixed  with  it. 

The  liver  is  very  large;  so  much  so  as  to  occupy  both  hypochon- 
driac regions;  and  the  right  and  left  lobes  are  more  nearly  of  a  size 
than  in  the  adult 

The  urinary  bladder  is  of  an  elongated  shape,  and  extends  almost 
to  the  umbilicus.  The  muscular  coat  is  somewhat  thicker  and  more 
irritable  than  in  the  adult,  and  it  continues  to  possess  more  power 
during  youth.  The  common  trick  of  the  schoolboy — of  send- 
ing the  jet  over  his  head-^is  generally  impracticable  in  more  ad- 
vanced life. 

From  the  fundus  of  the  bladder,  a  ligament  of  a  conical  shape,  called 
the  urachuSf  (Fig.  156,)  ascends  between  the  umbilical  arteries  to 
the  umbilicus;  becoming  confounded  in  this  place  with  the  abdominal 
aponeuroses,  according  to  Bichat,  and  forming  a  kind  of  suspen- 
sory ligament  to  the  bladder.  It  is  sometimes  found  hollow  in  the 
human  foetus,  but  such  a  formation  Bichat  considers  to  be  pre- 
ternatural. In  the  foetal  quadruped,  it  is  a  large  canal,  which 
transmits  urine  to  a  bag,  called  allantois,  placed  between  the  am- 
nion and  chorion  and  presumed  to  be,  in  some  way,  inservient  to 
the  nutrition  of  the  foetus;  but  the  notions  on  this  subject  are  ex- 
tremely vague  and  imprecise. 

LasUy,  the  genital  organs  require  some  notice.    The  succes- 
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sire  davelopment  of  this  part  of  the  system  has  given  rise  to 
some  singular  yiews  regarding  the  cause  of  the  sex  of  the  fo&tos. 
DuriDg  the  first  few  weeks,  the  organs  are  not  perceptible;  bot 
about  the  termination  of  the  fifth  week,  a  small,  cleft  eminence  ap- 
pears, which  is  the  rudiment  of  the  scrotum  or  the  Tulva,  accord- 
ing to  the  sex.  In  the  sixth  week,  an  aperture  is  perceptible^ 
common  to  the  anus  and  genital  organs,  in  front  of  which  is  a  pro- 
jecting tubercle.  In  the  seventh  and  eighth  weeks,  this  tubcarde 
seems  to  be  tipped  by  a  glans,  and  grooved  beneath  by  a  channel 
which  extends  to  the  anus.  In  the  eleventh  and  twelfth  weeks,  the 
perineum  is  formed  and  separates  the  anus  from  the  genital  or^ 
gans.  In  the  fourteenth  week,  the  sex  is  distinct;  but  there  still 
remains,  for  some  time,  a  groove  beneath  the  clitoris  or  penis, 
which  becomes  closed  in  the  former,  and  is  made  into  a  eanal  in 
the  latter. 

The  striking  similarity  between  the  male  and  female  organs  has 
led  TixDBMANZf  to  conclude,  that  the  female  sex  is  the  male,  ar- 
rested at  an  inferior  point  of  organization.  In  his  view,  every  em- 
bryo is  originally  female;  the  deft,  described  above,  being  the 
vulva,  the  tubercle,  the  clitoris ;  to  constitute  the  male  sex,  the  defl 
is  united  so  as  to  form  a  raphe,  the  labia  majora  are  joined  to  form  the 
serotum,  the  nymphss  to  form  the  urethra,  and  the  clitoris  is  trane- 
formed  into  a  penis.  In  support  of  this  opinion  Tisdsm^nk  as- 
sarts, that  the  lowest  species  of  animals  are  almost  all  females;  and 
that  all  the  young  acephali  and  aborted  foetuses,  which  have  been 
examined,  are  of  that  sex. 

Others  again,  have  affirmed,  that  the  sexes  are  originally  neuter, 
and  that  the  future  sex  is  determined  by  accidental  circumstances, 
during  the  first  week  of  foetal  life;  whilst  Geoffrot  St.  Hilairs 
maintains,  that  the  difierence  of  sex  w  owing  to  the  distribution  of 
the  two  branches  of  the  spermatic  artay.  If  they  continue  in  ap- 
proximation, proceeding  together, — ^the  one  to  the  testicle,  the  other 
to  the  epididymis,  the  individual  is  male;  if  they  separate^ — ^the  one 
going  to  the  ovary,  the  other  to  thecornua  of  the  uterus, — the  indi- 
vidual is  female.  The  degree  of  predominance  of  the  cerebro-spi- 
nal  system,  he  thinks,  determines  the  q)proximation  or  separation 
of  the  two  arterial  branches.  This  predominance  being  greater  in 
the  male,  the  spermatic  arteries  are  more  feeble  and  consequently  in 
greater  proximity ;  and  vice  versa. 

Leaving  these  pAiantasies  of  the  generalizing  anatomist,  on  a  sub- 
ject on  which  we  must,  probably,  ever  remain  in  the  dark,  let  us 
inquire  into  the  phenomena  of  the  descent  qfthe  testes  in  the  foetus. 
In  the  early  months  of  foetal  life,  the  testicle  is  an  abdominal  vis- 
eus,  beins  seated  below  the  kidney.  About  the  middle  of  the  third 
month  of  utero-gestation,  it  is  about  two  lines  long,  and  is  situated 
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behind  the  peritoneum,  which  is  reflected  over  its  ventral  aurrace. 
At  this  time,  a  shnth  of  perito- 
n«um   may   be   observed,  passing  Pig.  15S. 

from  the  abdominal  ring  to  the  loner 
part  of  the  testicle,  and  containing 
a  ligament,  called  gubemaeulum 
testis,  which  is  considered  to  be 
fonned  of  elastic  cellular  tisme, 
proceeding  from  the  upper  part  of 
the  acrotum,  and  from  the  part  of 
the  general  aponeurosis  of  Uie  thigh 
neartfte  ring,and  of  stmienniscular 
fibres  coming  from  the  internal  ob- 
lique and  transversalis  muscles. 

The  head  at  the  fcetos  in  utero  be- 
ingthe lowest  part,  the  testis  has  ne- 
oessmily  to  aacendintothe  scrotum, 
and  cooseqaeotly  somefbrce  must  be 
exerted  upon  it  This  is  supposed  to 
be  effected  by  the  contraction  of  the 
gubemacnlum    testis.     About    the 
seventh  month  the  testes  are  in  pro-   a.  t 
greas  towards  the  scrotum.  Fig.  158*"**' 
exhibits  one  about  to  leave  the  ab-*^ 
domen  and  enter  the  Scrotum,  into  which  it  generally  passes  about 
the  eighth  month.     In  this  de- 
scent, the  oigan  successively  Fig.     159. 
abandons  one  portion  of  the  pe- 
ritoneum to  pass  behind  an- 
other immediately  below,  until 
the  lowest  part  of  the  pouch, 
formed    by    the    peritoneum, 
around  the  testicle,  as  in  Fig. 
159,  becomes  the  tunica  albu- 
ginea  or  first  coat ;  whilst  the 
portion  of  peritoneum,  that  de- 
scended before  the  testicle,  be- 
comet,  when  the   testicle 'has 
fully   descended,  the    second 
coat  or  tnniea  vaginalis. 

As  soon  as  tire  testicle  has 
reached  (he  lower  part  of  the 
scrotum,  the  neck  of  the  pouch 
approaches  a  closure,  and  this 

is  commonly  effected  at  birth.  i4l,l.^'iJ?.T«r:r«lL";„|^^^ 
sometimes,   however,    it    re- JJ"^^"",^^J^^^2i^ '"''^"■~^' "^"^^ 
mains  open  for  some  time,  the 
intestines  pass  down,  and  congenital  hernia  is  thus  induced. 
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Physiology  of  the  Fcettis, 

In  investigating  this  interesting  point  of  human  physiology,  we 
shall  inquire  into  the  functions^  in  the  order  of  the  classification  we 
have  adopted  of  the  functions  of  the  adult.  Over  many  of  the  topics 
that  will  have  to  engage  attention,  the  deepest  obscurity  rests;  whilst 
the  hypotheses,  indulged  regarding  them,  have  been  of  the  most 
fanciful  and  mystical  character. 

I.  Animal  Junctions. — The  external  senses  in  general  are  mani- 
festly not  in  exercise  during  foetal  life:  of  this  there  can  be  no 
doubt,  as  regards  the  sense  of  sight;  and  the  same  thing  probably 
applies  to  the  taste^,smellj  and  hearing.  With  regard  to  taet^ 
however,  we  have  the  best  reason  for  believing  that  it  exists,  par- 
ticularly towards  the  latter  periods  of  utero-gestation.  The  cold  hand, 
applied  over  the  abdomen  of  the  mother,  will  instantly  elicit  the 
motions  of  the  child.  The  brain  and  nervous  system  of  the  foetus 
must,  therefore,  have  undergone  the  development,  necessary  for  the 
reception  of  the  impression  made  through  the  medium  of  the  mo- 
ther, to  convey  such  impression  to  the  percipient  organ,  and  to  ac- 
complish perception. 

The  existence  of  most  of  the  internal  sensations  or  wants  would 
of  course  be  supererogatory  in  the  foetal  state, where  the  functions,  to 
which  they  excite  after  birth,  are  themselves  wanting.  It  is  proba- 
ble, that  there  is  no  digestion  except  of  the  mucous  secretions  of 
the  tube ;  no  excretion  of  faeces  or  urine,  and  certainly  there  is  no 
pulmonary  respiration.  It  is  not  improbable,  however,  that  in- 
ternal impressions,  originating  in  the  very  tissue  of  the  organs,  may 
be  communicated  to,  and  appreciated  by,  the  brain.  We  have  strong 
reason  for  believing,  that  pain  may  be  experienced  by  the  foetus; 
for  if  it  be  destroyed  by  any  sudden  influence,  in  the  latter  periods 
of  pregnancy,  death  will  generally  be  preceded  by  irregular  move- 
ments, which  are  manifest  to  the  mother,  and  frequently  lead  her 
to  anticipate  the  result.  Adelon  asks,  whether  it  may  not  be  af- 
fected, under  such  circumstances  with  convulsions,  similar  to  those 
that  animals  experience  when  they  die  suddenly,  especially  from 
hemorrhage?  It  is  impossible  to  reply  to  this  question,  but  that  the 
child  suffers  appears  evident 

The  most  elevated  of  the  functions  of  relation — the  mental  and 
moral  faculties — would  seem  to  be  needless  to  the  foetus,  and  conse- 
quently little,  if  at  all,  exercised.  Bichat  and  Adelok,  considering 
that  its  existence  is  purely  vegetative,  are  of  opinion  that  they  are 
not  exerted  at  all.  Cabanis,  however,  suggests,  that  imperfect  es- 
says may,  at  this  early  period,  be  made  by  virtue  of  the  same  in- 
stinct that  impels  animals  to  exercise  their  organs  prior  to  the  pe- 
riod at  which  they  are  really  able  to  derive  service  from  them;  as 
in  the  case  of  the  bird,  which  will  shake  its  wings  before  they  are 
covered  with  feathers,  and  when  yet  incapable  ofbearing  them. 
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It  is  difScuIt  to  deny  the  foetus  all  intellectual  and  moral  mani- 
festation. This  must  doubtless  be  obscurely  rudimental,  but  still 
we  may  conceive  that  some  may  exists  if  we  admit,  that  the  brain 
is  in  a  state  for  the  perception  of  impressions,  and  that  tact  is  prac- 
ticable, whilst  instinct  is  in  full  activity. 

We  find,  moreover,  that  the  power  of  motion^  voluntary  as  well 
as  involuntary,  exists  certainly  after  the  fifth  month,  and  probably 
much  earlier,  could  it  be  appreciated.  During  the  latter  months  of 
utero-gestation,  the  motion  of  the  foetus  appears  to  be  almost  inces- 
sant, and  can  be  distinctly  felt,  by  placing  the  hand  upon  the  abdo- 
men. At  times,  indeed,  it  is  manifest  to  the  sight  The  cause  of 
these  movements  is  by  no  means  clear.  It  is  probable,  however, 
that  they  are  instituted  for  the  purpose  of  inducing  a  change  in  po- 
sitions which  may  have  become  irksome,  and  for  assuming  others; 
for  we  have  already  remarked,  that  the  foetus  readily  appreciates 
any  sudden  succussion,  given  to  it  through  the  mother;  hence  that 
it  possesses  tact;  and,  as  we  can  readily  understand,  may  experience 
fatigue  from  the  maintenance  of  an  inconvenient  posture.  This  im- 
pression is  conveyed  to  the  brain,  which  sends  out  volition  to  the  ap- 
propriate muscle8,and  the  positionis  changed.  All  this  proves,  that  the 
cerebral  functions  are  exerted,  but  for  a  few  definite  objects  only. 

The  function  of  expression  is  of  course  almost,  if  not  entirely, 
null  in  the  foetus.  There  are  cases  upon  record,  however,  where 
children  are  said  to  have  cried  in  utero,  so  as  to  be  heard  distinctly, 
not  only  by  the  mother,  but  by  those  around  her.  Indeed,  the  ob- 
jection, that  an  infant  may  respire  before  it  is  born,  and  yet  not 
come  into  the  world  alive, — in  which  case  there  will  be  buoyancy 
and  dilatation  of  the  lungs,— has  been  seriously  brought  forward 
against  the  docimasia  pulmonum  or  lung-proof  oi  infanticide.  We 
would  not  be  considered  as  believing  these  cases  to  be  mere  fabrica- 
tions, or  that  the  phenomenon  is  impossible,— except,  indeed,  whilst 
the  membranes  are  in  a  state  of  integrity.  When  they  have  given 
way,  and  the  child's  mouth  presents  towards  the  os  uteri,  breathing 
may  be  practicable,  and  may  have  occurred ;  but  very  positive  and 
unexceptionable  testimony  is  required  to  establish  such  an  astound- 
ing event 

II.  Functions  of  Nutrition. — ^These  functions  are  not  as  numer- 
ous in  the  foetus  as  they  are  in  the  adult  Their  object  is,  however, 
the  same ; — the  formation  of  the  various  parts  of  the  organized  ma- 
chine, and  their  constant  decomposition  and  renovation. 

During  the  first  few  days  of  foetal  existence,  whilst  the  ovum 
is  within  the  ovarium  or  Fallopian  tube,  and  for  a  short  period  after 
its  passage  into  the  womb,  the  new  being  probably  derives  its 
nutriment  from  the  albuminous  matters  with  which  it  is  in  contact 
in  the  ovum,  in  the  same  manner  as  the  egg  of  the  oviparous  ani- 
mal obtains  the  nutriment  necessary  for  itsiuU  development  during 
incubation,  from  the  matters  surrounding  it  But  when  it  has  at- 
tained the  interior  of  the  uterus,  it  is  supposed  that  the  ovum  ab- 


3^§  osimmATioii.— Of  THB  fcrras. 


sorlM  Mtrimmt  from  the  mother.  CHAtmsiBB  eonceives,  Ifaat 
the  o^e^  on  leaving  the  Fallopian  tabe,  plunges  into  the  midst 
of  the  sero^lbaminous  substance,  whieh  is  oopiooslj  secreted  in 
the  uterus  for  the  formation  of  the  decidua,  and  that  it  nourishas 
itself  by  absorbing  a  quantity  of  this  by  its  external  surfate,  like 
the  vegetable,  and  the  lowest  tribes  of  animals.  The  decidna,  how- 
ever, appears  to  be  intended  for  a  specific  purpose,  and  is  formed 
even  prior  to  the  passage  of  the  ovule  iato  the  uterus.  This^  wilk 
the  fict  of  the  ovule  containing  nutritive  matter  within  it  for  the 
nutrition  of  the  embryo,  is  sufficient  to  render  the  view  of  Chaus- 
siER  improbabte. 

The  liquor  amnii,  in  which  the  child  is  situated  during  the  whole 
period  of  utero-gestation,  has  been  regarded  by  many  pfysiologisis 
as  concerned  in  foetal  nutrition;  but  great  dissidence  has  pre- 
vailed with  regard  to  the  mode  in  which  it  is  introduced.  The 
arguments,  usually  adduced  in  favour  of  this  funotion  of  the  Kqumr 
amnii,  are^— the  nutritive  natare  of  the  fluid,  young  animab  having 
been  fed  upon  it  for  several  weeks, — ^the  fact  of  its  being  more  abua- 
dant  and  richer  in  animal  matter  in  proportion  as  the  foetus  is  young, 
— its  continual  contact  with  the  foetus,  whose  surfaces,  internal  as 
well  as  external,  have  been  supposed  to  possess  a  greater  absorbent 

Swer  in  proportion  to  the  nonage  of  the  foetus, — and  the  fact  of 
luses,  devoid  of  umbilical  cord,  having  undeigone  their  devdop- 
ment  without  the  aid  of  a  placenta. 

The  circumstance  of  the  first  developments  being  made  in  the 
ovarium  from  the  absorption  of  the  nutritive  matter  surrounding  the 
embryo,  is  so  far  in  favour  of  the  foetus  obtaining  its  nutriment  from 
the  substances  in  contact  with  it,  rather  than  by  means  of  the  ma* 
ternal  blood ;  and  the  view  is  favoured  by  the  phenomena  that  oe* 
cur  in  eggs  hatched  out  of  the  body,  where  of  course  there  can  be  no 
finrther  communication  with  the  mother. 

The  most  forcible  arguments,  however,  are  those  deduced  from 
the  hctf  which  seems  unquestionable,  that  neither  the  placenta  nor 
umbilici  cord  is  indispensably  necessary  to  foetal  development 
AnSLON  disposes  of  this  in  the  most  summary  manner;  affirming 
that  '^  there  is  no  authentic  instance  of  a  foetus  devoid  of  umbilical 
oord  and  placenta,  attaining  full  uterine  growth.''  The  case  is 
not,  however,  got  rid  of  so  easily,  and  it  environs  this  intricate 
subject  with  additional  difficulties.  The  kangaroo,  opossum,  and 
wombat,  breed  their  youn^  without  either  placenta  or  umbilical 
cord.  The  embryos  are  inclosed  in  one  or  more  membranes,  which 
are  not  attached  to  the  coats  of  the  uterus,  and  are  supplied  with 
nourishment,  and  apparently  with  air,  from  a  gelatinous  matter,  by 
which  they  are  surrounded.  Goon  has  cited  a  case  from  Hoffmaivh 
of  a  foetus  bom  in  full  health  and  vigour,  with  the  funis  sphacelated 
and  divided  into  two  parts;  and  another,  from  Vaw  per  Wibl,  of 
a  living  child,  exhibited  without  any  umbilicus,  as  a  public  curiosity. 
One  of  the  most  singular  cases,  however,  that  has  ever  occurred. 
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mas  obterved  by  Dn  Good  himself  Id  1791.  Tha  labour  was  Datu- 
ra]; the  child,  scarcely  less  than  the  ordioary  size,  was  bora  alive; 
eried  feebly  once  or  twice  after  birth,  aod  died  in  about  ten  minutes. 
The  oi^gaoizatioD,  both  internal  and  ext^nal,  was  imperfect  in  many 
parts.  There  was  no  sexual  character  whatever,  neither  penis  nor 
pudendum;  nor  any  interior  organ  of  generation.  There  was  n* 
anus  or  rectum,  do  funis,  no  umbilicus.  The  minutest  investigation 
could  not  discover  the  least  trace  of  any.  With  the  use  of  a  liUle 
iorce,  a  small,  shrivelled  placenta,  or  rather  the  rudiment  of  a  pla- 
oeuta,  followed  soon  after  the  Urth  of  the  child,  without  a  funis  or 
umbilical  vessels  of  any  kind,  or  any  other  appendage  by  which  it 
appeared  to  have  been  attached  to  the  child.  In  a  quarter  of  an 
hour  afterwards,  a  second  living  child  was  protruded  into  the  var 
gina  and  delivered  with  ease,  being  a  perfect  boy,  attached  to  its 
placenta  by  a  proper  funis.  The  body  of  the  first  child  was  dis- 
sected in  the  presence  of  Dr.  Drake  of  Hadleigh,  and  of  Mr» 
Akdbbsok  of  Sunbury,  to  both  of  whom  Dr.  Good  appeals  for  the 
correctness  of  his  statement.  In  the  stomach  a  liquid  was  found 
resembling  the  liquor  amnii. 

How  could  nutrition  have  been  efiected,  then,  in  this  case?  Cer- 
tainly not  by  blood  sent  from  the  mother  to  the  child,  for  no  appa- 
ratus for  its  conveyance  was  discov^^ble;  and  are  we  not  driven 
to  the  necessity  of  supposing  that  the  food  must  have  been  obtained 
firom  the  fluid  within  the  ovum?  This  case, — when  taken  with  the 
Vguments  already  adduced;  along  with  the  facts,  that  the  embryo 
is  found  at  an  earlier  period  in  the  uterus  than  the  placenta,  which 
•0  we  have  seen  cannot  be  detected  till  some  weeks  after  concep- 
tion; and  that  extra-uterine  foetuses  have  frequently  no  placenta, 
but  obtain  their  nutriment  from  the  surrounding  parts, — seems  to 
constrain  us  to  admit,  that  the  liquor  .amnii  may  have  more  agency 
in  the  nutrition  of  the  new  being  than  is  generally  granted.  Pro- 
fessor Monro,  amongst  other  reasons, — all  of  which  are  of  a  negar 
tive  character,*— for  his  disbelief  in  this  function  of  the  liqqor 
amnii,  asserts,  that  if  the  office  of  the  placenta  be  not  that  of  a£ford- 
ing  food  to  the  embryo,  it  becomes  those,  who  maintain  the  con- 
trary doctrine  to  determine  what  other  office  can  be  allotted  to  it, 
and  that  till  this  is  done,  it  is  more  consistent  with  reason  to 
doubt  the  few  and  unsatisfactory  cases,  at  that  time  brought  for- 
ward, than  to  perplex  ourselves  with  facts  directly  contradictory  of 
each  other.  The  case,  given  by  Dr.  Good  since  Professor  Monro's 
remarks  were  published,  is  so  unanswerable  and  so  unquestionable, 
that  it  afibrds  a  positive  fact,  of  full  or  nearly  full  foetal  develop- 
ment, independently  of  placenta  and  umbilical  cord;  and  the  fact 
must  remain,  although  our  ignorance  of  the  functions  of  the  pla- 
eeota,  be  <^  dark  as  Erebus.'' 

Amongst  those  physiologists,  who  admit  the  liquor  amnii  to  be 
a  fluid  destined  for  foetal  nutrition,  a  diflerence  prevails,  regarding 
the  mode  in  which  it  is  received  into  the  system.  Buffon,  Osian- 
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DEB  and  others  consider,  that  it  is  absorbed  through  the  skin.  In 
the  foetal  state,  the  cuticle  is  extremely  thin;  and,  until  within  a 
month  or  two  of  the  full  period,  can  be  scarcely  said  to  exist  There 
is  consequently  not  that  impediment  to  cutaneous  absorption,  which 
we  have  seen,  exists  in  the  adult  The  strong  argument,  however, 
which  they  offer  in  favour  of  such  absorption  is  the  fact,  that  the 
f(£tu8  has  been  found  developed,  although  devoid  of  both  mouth  and 
umbilical  cord;  and  Professor  Monro,  in  opposing  the  function  as- 
cribed to  the  liquor  amnii,  refers  to  cases  of  monstrous  formations^ 
in  which  no  mouth  existed,  nor  any  kind  of  passage  leading  to  the 
stomach. 

Others,  as  Boerhaavb  and  Hallbr  are  of  opinion  that  the  fluid 
enters  the  mouth  and  is  sent  on  into  the  stomach  and  intestines;  and 
in  support  of  this  view,  they  affirm,  that  the  liquor  amnii  has  been 
found  in  these  viscera; — that  it  has  been  shown  to  exist  in  the  sto- 
mach and  pharynx.  Heister  on  opening  a  gravid  cow,  which  had 
perished  from  cold,  found  the  liquor  amnii  frozen,  and  a  continuous 
mass  of  ice  extending  to  the  stomach  of  the  foetus. 

The  physiologists,  who  believe  that  the  liquor  amnii  is  received 
into  the  stomach,  differ  as  to  what  happens  to  it  in  that  organ.  Some 
suppose,  that  it  is  simply  absorbed,  without  undergoing  digestion; 
others,  that  it  must  be  first  subjected  to  that  process.  According 
to  the  former  opinion,  it  is  simply  necessary,  that  the  fluid  should 
come  into  contact  with  the  mucous  membrane  of  the  alimentary 

Gssages;  and  they  affirm,  that  if  digestion  occur  at  all,  it  can  only 
during  the  latter  months. 

Others,  however,  conceive,  that  the  waters  are  swallowed  or 
sucked  in,  and  that  they  undergo  true  digestion.  In  evidence  of 
this,  they  adduce  the  fact  of  meconium  existing  at  an  early  period  in 
the  intestinal  canal,  which  they  consider  as  evidence  that  the  diges- 
tive function  is  in  action;  and  in  farther  proof  of  this  they  affirm, 
that  on  opcDiDg  the  abdomen  of  a  new-born  infant,  the  chyliferous 
vessels  were  found  filled  with  chyle;  which  could  not,  they  say, 
have  been  formed  from  any  other  substance  than  the  liquor  amnii; 
and  lastly,  that  fine  silky  down  has  been  found  in  the  meconium, 
similar  to  that  which  exists  on  the  skin  of  the  foetus,  and  which  is 
conceived  to  have  entered  the  mouth  along  with  the  liquor  amnii. 

These  reasons  are  forcible,  but  they  do  not  explain  the  de- 
velopment, in  the  cases  above  alluded  to,  in  which  there  was  no 
mouth;  and  of  course,  they  cannot  apply  to  acephalous  foetuses. 
Moreover,  it  has  been  properly  remarked,  that  the  presence  of  me- 
conium in  the  intestinal  canal  merely  proves  that  digestion  has 
taken  place,  and  the  same  may  be  said  of  the  chyle  in  the  chylife- 
rous vessels:  neithei^  one  nor  the  other  is  a  positive  evidence  of  the 
digestion  of  the  liquor  amnii:  both  might  have  proceeded  from  the 
digestion  of  the  stomachal  secretions.  It  has  also  been  affirmed, 
that  the  meconium  exists  in  the  intestines  of  the  acephalous  foetus, 
md  in  those  in  which  the  mouth  is  imperforate.    Lastly,  with  re- 


NUTBITION   OF  THE   FOETUS.  369 

gird  to  the  down  diseovered  in  the  mecoDium,  it  has  been  sug- 
gested as  possible  that  it  may  be  formed  by  the  mucous  membrane 
of  the  intestine,  which  so  strongly  resembles  the  skin  in  structure 
and  functions. 

Others  have  supposed  that  the  liquor  amnii  is  received  by  the 
respiratory  passages,  from  the  circumstance,  that,  in  certain  cases, 
the  fluid  has  been  found  in  the  trachea  and  bronchi;  some  presum- 
ing, that  it  readily  and  spontaneously  enters  at  the  nostrils  and 
passes  to  the  trachea  and  bronchi;  others  that  it  is  forced  in  by  the 
pressure  of  the  uterus;  and  others  again,  that  it  is  introduced  by 
the  respiratory  movements  of  the  foetus. 

Views  have  differed  in  this  case,  also,  regarding  the  action  exert- 
ed upon  it  after  introduction; — some,  presuming  that  it  is  absorbed 
immediately;  others,  that  it  is  inservient  to  a  kind  of  respiration; 
and  that,  during  foetal  existence,  we  are  aquatic  animals, — consuming 
the  oxygen  or  atmospheric  air  which  Scheele  and  others  have 
stated  to  exist  in  the  fluid. 

It  is  scarcely  necessary  to  seriously  oppose  these  gratuitous  specu- 
lations. The  whole  arrangement  of  the  vascular  system  of  the  foe- 
tus, so  different  from  that  which  is  subsequently  established,  and  the 
great  diversity  in  the  lungs,  prior  and  subsequent  to  respiration, 
would  be  sufficient  to  refute  the  idea,  had  it  even  been  shown,  that 
the  liquor  amnii  always  contains  one  or  other  of  these  gases,  which 
is  by  no  means  the  fact  The  case  of  tho  9u*ephalous  foetus  is  also 
an  obstacle  to  this  view  as  strong  as  to  that  of  the  digestion  of  the  li- 
quor amnii. 

As  if  to  confirm  the  remark  of  Cicero-^^^  nihil  tam  absurdum, 
quod  non  dictum  sit  ab  aliquo  philosophorum," — it  has  been  ad- 
vanced by  two  individuals  of  no  mean  pretensions  in  science,  that 
the  liquor  amnii  may  be  absorbed  by  the  genital  organs  or  by  the 
mammse. 

LoBSTBHf  supports  the  former  view,  Oxen  the  latter.  Lobstein 
asserts,  that  the  fluid  is  laid  hold  of  by  the  mammae,  is  elaborated  by 
them,  and  conveyed  from  thence  into  the  thymus  gland,  the  thoracic 
duct,  and  the  vascular  system  of  the  foetus! 

Of  these  various  opinions,  the  one  that  assigns  the  introduction  of 
the  fluid  to  the  agency  of  the  cutaneous  absorbents  appears  to  carry 
with  it  the  greatest  probability.  It  must  be  admitted,  however, 
that  the  whole  subject  is  environed  in  obscurity,  and  requires 
fresh,  repeated,  and  accurate  experiments  and  observations  to  en- 
lighten us. 

But  it  may  now  be  asked,  with  Monro,  what  are  the  nutritive 
functions  performed  by  the  placenta?  We  have  seen  that  vessels 
pass  between  the  mother  and  the  maternal  side  of  the  placenta,  and 
that  others  pass  between  the  foetus  and  liie  foetal  side,  but  that  the 
two  sides  are  so  distinct,  that  we  are  justified  in  regarding  them  as 
two  placentae, — the  one  maternal,  the  other  foetal, — simply  united  to 
each  other. 
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At  one  time  it  was  supposed,  that  a  direct  cominunication  exists 
between  the  maternal  aiul  foetal  vessels,  but  this  notion  has  beea 
long  exploded.  We  have  the  most  decisive  evidence,  that  the  con- 
nexion is  of  the  most  indirect  nature.  Wrisbero  made  several  ex- 
periments, which  showed  that  the  fluid  of  the  foetal  circulation  is 
not  drained  when  the  mother  dies  from  hemorrhage.  It  has  been 
shown,  too,  that  if  the  uterine  arteries  be  injected,  the  matter  of  the 
injection  passes  into  the  uterine  veins  after  having  been  efiused  into 
the  lobes  of  the  placenta,  and  the  same  thing  happens  when  the  ute- 
rine veins  are  injected.  If,  on  the  other  hand,  the  injection  be 
thrown  into  the  umbilical  arteries  or  vein,  the  matter  passes  from 
one  of  these  sets  of  vessels  into  the  other,  is  efiused  into  the  foetal 
side  of  the  placenta,  but  does  not  pass  into  the  uterine  vessels. 
When,  however,  an  odorous  substance,  like  camphor,  is  injected  into 
the  maternal  veins  of  an  animal  the  foetal  blood  ultimately  assumes  a 
camphorated  odour.  Maoendie  injected  this  substance  into  the  veins 
of  a  gravid  bitch,  and  extracted  a  foetus  from  the  uterus,  at  the  ex- 
piration of  three  or  four  minutes:  the  blood  did  not  exhibit  the 
slightest  odour  of  camphor;  whilst  that  of  a  second  foetus,  ex- 
tracted at  the  end  of  a  quarter  of  an  hour,  had  a  decidedly  campho- 
rated smell.  This  was  the  case,  also,  with  the  other  foetuses.  Such 
communication  may,  however,  have  been  owing  to  the  same  kind 
of  transudation  and  imbibition,  of  which  we  have  spoken  under  the 
head  of  absorption,  and  mfty  consequently  be  regarded  as  entirely 
adventitious ;  and  the  fact  of  the  length  of  time,  required  for  the 
detection  of  the  odorous  substance,  favours  this  idea;  for  if  a  com- 
munication, of  even  an  indirect  nature,  existed  between  the  mother 
and  the  foetus,  the  transmission  ought  certainly  to  have  been  efiect- 
ed  more  speedily. 

The  transmission  of  substances  from  the  foetal  to  the  maternal 
placenta  is  yet  more  difficult.  Magendie  was  never  able  to  afiect 
the  mother  by  poisons  injected  into  the  umbilical  arteries  and  di- 
rected towards  the  placenta;  and  he  remarks,  in  confirmation  of  the 
results  of  the  experiments  of  Wrisbero,  that  if  the  mother  dies  of 
hemorrhage,  the  vessels  of  the  foetus  remain  filled  with  blood. 

Another  fact,  that  proves  the  indirect  nature  of  the  connexion 
which  exists  between  the  parent  and  child,  is  the  total  want  of  corres- 

Emdence  between  the  circulation  of  the  foetus  and  that  of  the  mother. 
y  applying  the  stethoscope  to  the  abdomen  of  a  pregnant  female, 
the  beating  of  the  heart  is  observed  to  be  twice  as  frequent  as  that 
of  the  mother.  Again,  examples  have  occurred  in  which  the  foetus 
has  been  extmded  with  the  placenta  and  membranes  entire.  In  a 
case  of  this  kind,  which  occurred  to  Wrisbero,  the  circulation  con- 
tinued for  nine  minutes;  in  one,  described  by  Osiander,  for  fif- 
teen minutes;  in  some,  by  Professor  Chapman,  for  from  ten  to 
twenty  minutes;  and  in  one  by  Professor  Ghannino,  of  Boston, 
and  Dr.  Selbt,  of  Tennessee,  where  a  bath  of  tepid  water  was 
used  to  resuscitate  the  foetus,  for  an  hour.     In  other  cases  of  a  simi- 
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lar  kiDd,  where  the  9hild  could  scarcely  breathe  and  was  id  danger 
of  perishing,  the  life  of  the  placenta  has  been  maintained  by  keep- 
ing it  in  water  of  a  temperature  nearly  equal  to  that  of  the  body, 
and  the  child  has  been  saved.  All  these  facts  prove  demonstra- 
tively, that  the  foetus  carries  on  a  circulation  independently  of  that 
of  the  mother,  and  that  whatever  passes  between  the  foetal  and  ma- 
ternal vessels  is  probably  exhaled  from  the  one  and  absorbed  by 
the  other,  as  the  case  may  be;-  The  fluid  sent  to  the  foews.  is  sup- 
posed by  some, — indeed  by  most  physiologists, — to  be  the  mater- 
nal blood.  ScHREGER,  howcver,  maintains  that  the  communication 
of  any  nutritious  fluid  from  the  mother  to  the  foetus  and  vice  versa 
takes  place  by  means  of  lymphatics,  and  not  by  blood-vessels;  and 
that  the  maternal  vessels  exhale  into  the  spongy  tissue  of  the  pla- 
eenta  the  serous  part  of  the  blood,  which  is  taken  up  by  the  lym- 
phatics of  the  foetal  portion,  and  conveyed  into  the  thoracic  duct 

The  facts,  previously  brought  forward,  show,  that  the  foetus  may 
be  developed  without  any  umbilical  cord  or  umbilicus;  and  those 
we  have  just  detailed,  exhibit,  that  the  foetal  circulation  is  at  all 
events  largely  independent  of  that  of  the  mother;  whilst  the  posi- 
tion, that  the  placenta  is  the  medium  by  which  nutritive  matter  of 
any  kind  passes  from  the  mother  to  the  foetus  and  vice  versa  rests 
apon  singularly  feeble  and  inadequate  evidence.  The  functions, 
which  it  appears  to  execute,  will  engage  attention  presently. 

Lastly,  LoBSTEiN  and  Meckel  suppose,  that  the  gelatinous  sub- 
stance of  the  cord  is  one  of  the  materials  of  foetal  nutrition.  This 
opinion  they  found  on  the  circumstance  of  the  albuminous  nature 
of  the  substance,  and  the  great  size  which  it  gives  to  the  cord  at 
the  early  periods  of  foetal  life,  as  well  as  on  the  great  development 
of  the  absorbent  system  of  the  foetus,  proceeding  from  the  umbili- 
cus to  the  anterior  mediastinum. 

All  these  speculations  regarding  the  various  sources  of  nutritive 
matter  are  sufficient  evidence  of  the  uncertainty  that  prevails  on 
this  interesting  topic;  yet  Maoendie  affirms,  'Hhat  it  appears  cer- 
tain, that  the  placenta  imbibes  from  the  mother  the  materials  neces- 
sary for  the  development  of  the  organs!" 

Some  of  the  most  recent  writers  on  the  subject  are  of  opinion, 
that  the  sources  whence  the  nutritive  matter  is  derived  varies  at 
different  periods  of  gestation.  Lobstein,  for  example,  thinks,  that 
the  venous  radicles  of  the  rudimental  placenta  obtain  nutritious 
fluids  from  the  mother,  prior  to  the  formation  of  the  arteries;  but 
that  afterwards  all  circulation  between  the  uterus  and  placenta 
ceases;  and  the  umbilical  vesicle,  (a  small  body  of  the  size  of  a  large 
pea  seated,a8  we  have  seen,  in  the  umbilical  cord  between  the  chorion 
and  amnion,  and  supposed  to  communicate  with  the  intestine,  and  to 
contain  a  nutritive  fluid, — but  of  the  anatomy  of  which  we  know  but 
little,)  the  liquor  amnii,  and  the  jelly  of  the  cord  are  the  nutri- 
tive materials.     Meckel  considers,  that  the  placenta  is  in  no  case 
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the  source  of  nutritive  matter.  He  regards  it  as  an  organ  for  the 
aeration  of  the  blood;  whilst  nutrition  is  effected  by  the  fluid  of  the 
umbilical  vesicle,  at  the  commencement;  by  the  liquor  amnii  till 
mid-term;  and  by  the  jelly  of  the  cord  for  the  remainder  of  gesta* 
tion.  I^astlyy  according  to  Beclabd,  nutrition  is  accomplished, 
during  the  first  weeks,  by  the  fluid  of  the  umbilical  vesicle;  after- 
wards by  th^  liquor  amnii,  and  the  jelly  of  the  cord;  and,  as  soon 
as  the  plaoenta  is  formed,  by  that  organ. 

It  is  manifest,  however,  that  we  cannot  regard  as  nutritive  mat- 
ters those  substances  that  are  secreted  by  the  foetus  itself.  It  is 
impossible,  that  any  development  could  occur  without  the  recep- 
tion of  materials  from  without  We  have  seen,  that  when  the  ovum 
passes  from  the  ovarium  to  the  uterus,  it  contains  within  it  a  mole- 
cule and  fluids,  which  are  probably  destined  for  the  nutrition  of  the 
new  being,  and  which  anord  the  necessary  pabulum  for  the  in- 
crease, that  occurs  between  impregnation  and  the  period  at  which 
an  adhesion  is  formed  between  the  ovum  and  the  inner  surface  of^ 
the  uterus.  The  mother,  having  furnished  the  nutritive  material 
in  the  ovum,  she  must  continue  to  provide  it  in  the  uterus;  and  so 
soon  as  a  vascular  communication  is  formed  between  the  exterior  of 
the  ovum  and  the  interior  of  the  uterus,  nutritive  elements  are 
doubtless  received  by  the  embryo; — for  otherwise  it  would  perish 
from  inanition.  What  then  can  be  the  nature  of  these  elements?  Do 
thc^  consist  of  blood,  which  is  laid  hold  of  by  the  fcBtus  at  this 
eany  period,  when  no  circulatory  system  is  apparent;  or  are  the 
blood-vessels  distributed  to  the  membranes  of  the  ovum,  to  enable 
them  to  continue  the  secretion  of  that  nutritive  matter,  which  they 
took  with  them  from  the  ovarium,  and  which  must  necessarily  have 
had  a  maternal  origin?  The  latter  certainly  is  the  more  probable 
supposition,  and  it  is  a  strong  argument  in  favour  of  the  amnion 
being  supplied  with  blood  from  the  uterus,  rather  than  from  the 
foetus;  for,  if  we  admit  it  to  be  in  any  manner  inservientto  nutrition, 
its  production  must  be  extraneous  to  the  body  which  it  has  to 
nourish.  These  observations  apply  equally  to  the  jelly  of  the  um- 
bilical cord,  which  is  probably  secreted  by  the  membranous  enve- 
lopes, and  may  consequently  be  regarded  as  a  nutritive  material 
derived  from  the  parent 

On  the  whole,  therefore,  it  appears  at  least  doubtful,  whether  the  ' 
foetus  receives  from  the  mother  any  nutritive  fluid  through  the  pla- 
centa; whilst  there  is  strong  reason  for  believing,  that,  from  the 
very  earliest  period  of  foetal  formation  to  the  last,  it  is  nourished 
on  secretions  formed  at  the  expense  of  the  mother,  and  that  these 
are,  essentially,  the  liquor  amnii  and  the  jelly  of  the  cord. 

If  we  admit  this,  however,  it  is  obvious,  that  the  nutritive  fluid, 
when  received  into  the  system  will  have  to  be  formed  into  blood 
by  the  action  of  the  foetus,  in  a  manner,  bearing  some  analogy  to 
what  occurs  in  the  adult,  or  in  the  simplest  of  living  beings,  in  which 
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the  nutritive  fluid  is  absorbed  at  the  surface  of  the  body.  Of  the 
mode  in  which  such  conversion  is  effected  we  are  in  the  same  dark- 
ness, that  envelopes  all  the  mysterious  processes  which  are  esteem- 
ed organic  and  vital;  but  that  the  foetus  is  capable  of  effecting  it  we 
have  irrefragable  proof  in  the  oviparous  animal,  where  there  can 
be  no  communication^  after  the  egg  is  laid,  between  the  embryo  and 
the  parent.  Yet  we  find  it  forming  its  own  blood  from  the  yolk 
surrounding  it,  and  undergoing  its  full  and  regular  development 
from  causes  seated  in  itself  alone. 

Of  those  physiologists  who  consider  that  the  mother  sends  h^ 
blood  to  the  placenta,  to  be  taken  up  by  the  foetal  vessels,  all  do  not 
conceive,  tiiat  it  is  in  a  state  adapted  for  the  nutrition  of  the  new  being: 
some  are  of  opinion  that  the  placenta  or  the  liver,  or  both,  modify 
it,  but  in  a  manner  which  they  do  not  attempt  to  explain.  In  favour 
of  such  an  action  being  exerted  by  the  placenta,  they  state  that  it  is 
clearly  the  organ  which  absorbs  the  fluid,  and  that  every  organ  of  ab- 
sorption is  necessarily  one  of  elaboration; — a  principle  which  we 
have  elsewhere  proved  to  be  unfounded;  and,  moreover,  that  the 
blood,  conveyed  to  the  foetus  by  the  umbilical  vein,  differs  essentially 
in  colour  from  that  conveyed  to  it  by  the  umbilical  arteries, — a 
fisict,  which  we  shall  see,  can  be  accounted  for  more  satisfactorily. 
In  support  of  the  view,  that  a  second  change  is  effected  in  the  liver, 
they  affirm,  that*a  great  part  of  the  foetal  blood  ramifies  in  the  sub- 
stance of  that  organ  before  it  reaches  the  heart;  a  part  only  going 
by  the  ductus  venosus;  and  that  the  great  size  of  the  liver,  during 
foetal  life,  when  its  function  of  secreting  bile  can  be  but  sparingly 
exerted,  is  in  favour  of  this  notion. 

The  opinion,  that  some  change  is  effected  upon  the  blood  in  the 
liver,  is  certainly  much  more  philosophical  and  probable  than  the 
belief  of  Hallxr,  that  the  object  of  its  passage  through  that  organ 
is  to  deaden  the  force  with  which  the  mother  projects  the  fluid  into 
the  foetal  vessels.  We  have  seen,  that  it  is  extremely  doubtful, 
whether  she  transmits  any;  and  that  if  she  does,  the  communica- 
tion is  extremely  indirect 

M.  Gkoffro7  Saint-Hilairb  appears  also  to  think,  that  the 
blood  of  the  mother,  which  he  conceives  to  be  sent  through  the 
placenta  to  the  foetus,  is  unfitted  for  foetal  life,  before  it  has  under- 

£ne  certain  modifications.  The  blood,  according  to  him,  which 
ives  the  placenta,  proceeds  in  part  to  the  liver  and  the  remainder 
to  the  heart  In  the  liver  it  forms  the  material  of  the  biliary  secre- 
tion, or  at  least  of  a  fluid,  which,  when  discharged  into  the  intes- 
tines, irritates  them,  and  provokes  a  copious  secretion  from  the 
mucous  or  lining  membrane.  This  mucus,  according  to  M.  Sahtt- 
HnjkiRx,  is  always  met  with  in  the  stomach  and  intestines  of  the 
foetus;  whilst  the  presence  of  meconium,  and  of  other  excrementi- 
tious  matters  in  the  intestines,  shows,  that  digestion  must  have  taken 
place.    This  digestion  he  considers  to  be  effected  upon  the  mucus. 
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secreted  in  the  manner  just  mentioned ;  and,  in  support  of  its  being  in- 
servient  to  sanguification^  he  affirms,  that  its  quantity  is  too  great  for 
the  simple  purpose  of  lubricating  the  parts;  that  mucus  is  the  first  stage 
of  all  organic  compounds;  that  it  predominates  in  all  young  beings; 
is  the  foundation  of  every  organ;  more  capable  of  assimilation  than 
any  other  substance,  &c.  But  independently  of  the  whole  of  this 
view  being  entirely  hypothetical,  it  cannot  be  esteemed  probable^ 
that  the  foetus  is  nourished  by  one  of  its  own  secretions.  All  se- 
cretions must  be  formed  from  blood.  Blood  must,  therefore,  pre- 
exist in  the  foetal  vessels,  and  the  process^  indicated  by  Sahct- 
HiLAiRE,  be  unnecessary. 

Allusion  has  already  been  made  to  the  opinions  of  ScHRseER, 
on  the  nutrition  of  the  foetus.  These  were  developed  in  a  letter 
written  by  him,  in  1799,  to  Soemmering.  He  considers,  that  all 
communication  of  nutritious  matter  between  the  mother  and  foetus 
occurs  through  the  lymphatics,  which  he  has  described  as  existing 
in  considerable  numbers  in  the  placenta  and  umbilical  cord.  The 
red  blood,  flowing  in  the  maternal  vessels,  is  too  highly  charged 
with  carbon,  and  with  other  heterogeneous  substances,  he  thinks, 
to  serve  for  the  nutrition  of  the  foetus.  Its  serous  part,  which  is 
purer  and  more  oxygenized,  is  therefore  alone  exhaled.  The 
uterine  arteries  pour  this  serum  into  the  spongy  texture  of  the  pla- 
centa, whence  it  is  taken  up  by  the  lymphatics  of  the  foetal  por^ 
tion.  These  convey  it  along  the  umbilical  cord  to  the  thoracic 
duct,  whence  it  passes  into  the  left  subclavian,  vena  cava  supe- 
rior, right  auricle  and  ventricle,  ductus  arteriosus,  aorta;  and,  by  the 
umbilical  arteries,  is  returned  to  the  placenta.  In  this  course, 
it  is  mixed  with  the  blood,  and  becomes  itself  converted  into  that 
fluid.  When  it  attains  the  placenta,  the  blood  is  not  poured  into 
the  cells  of  that  organ,  to  be  transported  to  the  mother,  but  it  passes 
into  the  umbilical  vein,  the  radicles  of  which  are  continuous  with 
the  final  ramifications  of  the  umbilical  arteries.  Lateral  pores, 
however,  exist  in  the  latter,  which  sufier  fluids  to  escape,  that  can- 
not be  elaborated  by  the  foetus,  or  which  require  to  be  again  sub- 
mitted to  the  maternal  organs,  before  they  are  fitted  for  its  sup- 
port. These  fluids,  according  to  Schreoer,  are  not  absorbed  by 
the  veins  of  the  uterus,  but  by  the  lymphatics  of  that  viscus,  which 
are  so  apparent  in  the  pregnant  state  and  have  been  injected  by 
Cruiksh ANE,  Meckel,  &c.  In  his  view,  therefore,  the  conversion  of 
the  serous  fluid  into  blood,  is  chiefly  effected  in  the  lymphatic  sys- 
tem, and  it  has  been  a  favourite  hypothesis  with  many  physiologists, 
that  those  organs,  regarding  whose  functions  we  are  so  profoundly 
ignorant,  and  whose  development  is  so  much  greater  during  intra- 
uterine than  extra-uterine  existence, — as  the  thymus,  and  thyroid 
glands,  and  the  supra-renal  capsules, — are,  in  some  way,  connected 
with  the  lymphosis  or  hsematosis  of  the  foetus. 

We  have  already  referred  to  the  conjectures,  that  these  organs 
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are  diverticula  for  the  blood  of  those  parts,  the  functions  of  which 
are  not  exerted  until  an  after  period  of  existence.  Brottssais 
makes  the  thyroid  a  diverticulum  to  the  larynx ;  the  thymus  a  di* 
verticulum  to  the  lungs,  and  the  supra-renal  capsules  to  the  kid- 
neys. Notwithstanding  these  ingenious  speculations,  however,  our 
darkness,  with  regard  to  the  true  functions  of  these  singular  organs, 
is  not  the  less  impenetrable. 

To  conclude.  The  most  plausible  opinion,  that  we  can  form  on 
this  intricate  subject  is,  that  the  mother  secretes  the  substances, 
which  are  placed  in  contact  with  the  foetus,  in  a  condition  best 
adapted  for  its  nutrition ;  that  in  this  state  they  are  received  into 
the  system,  by  absorption,  as  the  chyle  or  the  lymph  is  received 
in  the  adult, — undergoing  modifications  in  their  passage  through 
the  foetal  placenta,  as  well  as  in  every  part  of  the  system,  where 
the  elements  of  the  blood  must  escape  for  the  formation  of  the 
various  tissues. 


With  regard  to  the  precise  nutritive  functions,  executed  in  the 
foetal  state,  and  first  as  concerns  digestion,  it  is  obvious,  that  this 
cannot  take  place  to  any  extent,  otherwise  excrementitious  matter 
would  have  to  be  thrown  out,  which,  by  entering  the  liquor  amnii, 
would  be  fatal  to  many  important  functions,  and  probably  to  thevery 
existence  of  the  foetus.  Yet  that  some  digestion  is  effected  is  manifest 
from  the  presence  of  meconium  in  the  intestines,  which  is  proba- 
bly the  excrementitious  matter,  arising  from  the  digestion  of  the 
mucous  secretions  of  the  alimentary  canal. 

Respiration,  as  accomplished  by  lungs,  does  not  exist;  and 
we  have  already  seen,  that  the  idea  of  the  foetus  possessing 
the  kind  of  respiration  of  the  aquatic  animal  is  inadmissible.  An 
analogous  function  to  the  respiration  of  the  adult  however  oc- 
curs, as  respects  the  changes  effected  upon  the  blood.  It  is  pro- 
bable, that  the  blood  is  sent  to  the  placenta  to  be  aerated  there, 
as  it  is  in  the  lungs  in  extra-uterine  existence.  Such  was  the 
opinion  of  Sir  Edwabo  Hulse,  of  Girtanneb,  Stein,  and  we 
may  say,  such  is  the  opinion  of  many  of  the  most  enlightened  phy- 
siologists of  the  present  day.  Tbe  chief  arguments,  adduced  in 
support  of  this  opinion,  are, — the  absolute  necessity  for  air  to  every 
living  being,  animal  or  vegetable ;  the  no  less  necessity,  for  a  free 
circulation  of  blood  along  the  umbilical  cord  to  the  placenta,  to  the 
life  of  the  foetus ;  the  analogy  of  birds,  in  which  the  umbilical  ves- 
sels are  inservient  to  respiration  by  receiving  the  external  air 
through  the  pores  of  the  shell,  so  that  if  the  shell  be  covered  with 
varnish,  respiration  is  prevented  and  the  chick  dies. 

The  sensible  evidences  of  these  changes  being  effected  by  the 
placenta  are  not  like  those,  which  we  possess  regarding  the  aera- 
tion of  the  blood  in  its  passage  through  the  lungs  of  the  adult, 
where  the  venous,  differs  so  essentially  from  the  arterial  blood.  It  is 
indeed  asserted,  in  works  of  anatomy,  that  ^'  the  ^ete  blood  of  the 
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nmbilical  trteriei  becomes  regenerated  in  the  placenta,  atsumetf  a 
brighter  hue,  and  if  returned  to  the  fcetus  by  the  umbilical  vein," 
but  this  is  not  in  accordance  with  experiment  and  observation. 
BicHAT  made  numerous  dissections  of  young  pigs  whilst  still  in 
utero,  and  he  uniformly  found  the  blood  of  tiie  artevies  and  veins 
presenting  the  same  appearance  and  resembling  the  venous  blood 
of  the  mother.  Not  the  slightest  difference  was  observed  between 
the  blood  of  the  aorta  and  that  of  the  vena  cava ;  nor  between  that 
of  the  carotid  artery  and  of  the  jugular  vein.  He  made  the  same 
observations  in  three  experiments  of  a  similar  kind  on  the  foetuses 
of  the  dog.  He  also  frequently  examined  human  fo&tuses  that 
had  died  in  utero,  and  always  found  the  same  uniformity  between 
the  arterial  and  venous  blood:  hence  he  concludes,  that  there  is 
no  difference  between  the  arterial  and  the  venous  blood  of  the 
fcetus,  at  least  in  appearance.  Similar  experiments  by  Auteh- 
RiETH  furnished  the  same  results.  It  is  important  to  bear  this 
fact  in  mind,  inasmuch  as  it  may  be  received  as  one  of  the  evi- 
dences that  a  foetus  has  not  respired. 

The  apparent  identity,  however,  between  the  blood  passing  to 
the  placenta  by  the  umbilical  arteries  and  that  returning  by  the 
cord  is  not  real.  The  slightest  reflection  will  show,  &at  they 
must  be  essentially  different  It  is  from  the  blood,  carried  by  the 
umbilical  vein  and  distributed  over  the  body,  that  all  the  organs 
of  the  foetus  have  to  derive  the  materials  of  their  nutrition  and  de- 
velopment; and  being  deprived  of  these  materials  the  fluid  must 
necessarily  be  different  in  the  umbilical  arteries  from  what  it  is 
in  the  umbilical  vein.  The  researches  of  more  modem  che- 
mistry have  not  been  directed  to  the  foetal  blood,  but  Foitx- 
CROT  analyzed  it  and  found  it  differ  materially  from  the  blood 
of  the  child  that  had  respired.  He  asserts,  that  its  colouring 
matter  is  darker,  and  seems  to  be  more  abundant;  that  it  is  desti- 
tute of  fibrine  and  of  phosphoric  salts,  and  is  incapable  of  becoming 
florid  by  exposure  to  the  influence  of  atmospheric  air.  Under  the 
head  of  circulation  it  was  remarked,  that  the  coloration  of  the 
blood  is  perhaps  of  no  farther  importance  than  as  indicating,  that 
the  vital  change  of  aeration  has  taken  place  in  the  lungs.  In  this 
case,  we  have  the  vital  change  effected  without  any  such  colora- 
tion. Yet  how,  it  may  be  asked,  is  the  modification  in  the  hlood 
produced  where  no  placenta  and  no  umbilical  cord  exists?  And 
can  we  suppose  Uiat  in  such  cases  the  aeration  is  effected  by  the 
liquor  amnii  containing  an  unusual  quantity  of  oxygen,  as  has  been 
presumed  by  some  physiologists?  These  are  embarrassing  ques- 
tions— more  easily  propounded  than  answered. 

It  is  in  the /os/o/  circulation  that  we  observe  the  most  striking 
peculiarities  of  intra-uterine  existence.  Of  its  condition  at  the  very 
earliest  periods  we  know  littie  that  is  not  conjectural.  We  will, 
therefore,  consider  it  as  it  is  effected  during  the  last  months  of 
utcro-geiKation.   From  the  sketch  already  given  of  the  drculatory 
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organs  of  the  foetas,  it  will  be  recollected^  Ist,  that  the  two  auri- 
cles of  the  heart  communicate  by  an  aperture  in  the  septum,  called 
the  foramen  ovalcj  which  has  a  valve  opening  towards  the  left 
ventricle;  3dly,  that  near  the  orifice  of  the  vena  cava  inferior  is 
the  valve  of  EusiaehiuSj  so  situated  as  to  direct  the  blood  of  the 
eava  into  the  foramen  ovale;  ddly,  that  the  pulmonary  artery  has 
a  vessel  passing  from  it  into  the  aorta, — the  ductus  arteriosus; 
4thly,  that  two  arteries,  called  umbilical,  proceed  from  the  inter- 
nal iliacs  to  the  umbilicus  and  placenta;  and,  lastly,  that  the  um- 
bilical vein  from  the  placenta  pours  part  of  its  blood  into  the  vena 
porta;  and  a  part  passes  by  the  ductus  venosusy^di  foetal  vessel, — 
into  ttie  inferior  cava. 

The  course  of  the  circulation,  then,  is  as  follows: — ^The  blood  of 
the  umbilical  vein, — the  radicles  of  which  communicate  with  those 
of  the  umbilical  arteries  in  the  placenta,-— proceeds  along  this  vein 
to  the  umbilicus,  and  thence  to  the  liver.  A  part  of  this  traverses 
the  ductus  venosus,  enters  the  vena  cava  inferior,  and  becomes 
mixed  with  the  blood  from  the  lower  parts  of  the  foetus;  the  re- 
mainder passes  into  the  vena  porta,  is  distributed  through  the 
liver,  and,  by  means  of  the  hepatic  veins,  is  likewise  poured  into 
the  vena  cava.  In  this  manner  it  attains  the  right  auricle.  Owing 
to  the  arrangement  of  the  valve  of  Eustachius,  the  blood  passes 
immediately  through  the  foramen  ovale  into  the  left  auricle, — 
without  being  mixed  with  the  fluid  proceeding  from  the  upper 
parts  of  the  body  into  the  right  auricle  through  the  vena  cava  su- 
perior. The  left  auricle  is  consequently  as  much  developed  as  the 
right,  which  it  would  scarcely  be,  did  it  receive  only  the  Jblood 
from  the  lungs.  Were  it  not  as  large,  it  is  obvious,  that  it  would 
be  insufficient  to  carry  on  the  circulation,  when  the  whole  of  the 
blood  passes  through  the  lungs,  and  is  poured  into  it  after  respira- 
tion is  established. 

The  above  are  the  opinions  of  Wolf  and  Sabatier  regarding 
the  use  of  the  Eustachian  valve.  According  to  this  view,  if  the 
valve  did  not  exist,  the  aerated  blood,  conveyed  to  the  heart  by 
the  ductus  venosus,  instead  of  being  directed  into  the  left  auricle 
through  the  foramen  ovale,  would  pass  into  the  right  auricle,  and 
thence, — ^in  part,  at  least, — into  the  right  ventricle;  from  which  it 
would  be  transmitted,  through  the  pulmonary  artery  and  ductus 
arteriosus,  into  the  descending  aorta ;  so  that  no  part  of  the  body, 
above  the  of>ening  of  the  duct  into  the  aorta,  could  receive  the 
aerated  blood,  whilst  much  of  that,  which  passed  along  the  aorta, 
would  be  returned  to  the  placenta  by  the  umbilical  arteries.  But 
as  the  blood  is  directed  into  the  left  auricle  by  the  Eustachian 
valve,  it  passes  from  thence  into  the  left  ventricle,  and  is  forced 
by  it  into  the  aorta,  which  distributes  it  to  every  part  of  the  sys- 
tem, and  thus  conveys  the  regenerated  fluid  to  every  organ.  Dr. 
WisTAB  has  also  suggested,  that,  without  this  arrangement  of  the 
Eustachian  valve,  the  coronary  arteries,  distributed  to  the  heart. 
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would  be  unfit  for  supporting  the  life  of  that  organ^  inasmucli  as 
they  would  be  deprived  of  a  regular  supply  of  reviyified  blood. 

From  the  left  auricle,  the  blood  passes  into  the  left  rentricle, 
and  from  the  left  ventricle  into  the  ascending  aorta  and  to  the 
upper  parts  of  the  body,  from  which  it  is  brought  back,  by  the 
vena  cava  superior,  into  the  right  auricle;  thence  it  is  transmitted 
into  the  right  ventricle,  and,  by  the  contraction  of  the  ventricle^ 
into  the  pulmonary  artery.  By  this  vessel  it  is  sent, — the  greater 
part  through  the  ductus  arteriosus  into  the  descending  aorta,  and 
a  small  part  to  the  lungs.  From  the  lungs  it  is  returned  into  the 
left  auricle  by  the  pulmonary  veins.  Through  the  descending 
aorta  the  blood,  conveyed  in  part  by  the  ductus  arteriosus,  and  in 
part  by  the  contraction  of  the  left  ventricle,  is  distributed,  partly 
to  the  lower  extremities,  from  which  it  is  returned  by  correspond- 
ing veins  into  the  vena  cava  inferior,  and  partly  by  the  umbilical 
arteries  to  tiie  placenta. 

This  view  of  the  circulation  supposes  what  is  disputed, — 
that  the  blood  of  the  vena  cava  superior  and  of  the  vena  cava 
inferior  does  not  undergo  admixture  in  the  right  auricle;  whence 
it  would  follow,  that  some  parts  of  the  body  receive  a  purer 
blood  than  others, — ^the  upper  parts,  as  the  head  and  neck^ 
receiving  that  which  flows  immediately  from  the  placenta,  whilst 
the  lower  parts  do  not  obtain  it  until  it  has  circulated  through  the 
upper.  Under  any  view  it  is  manifest,  that  it  is  not  the  whole  of 
the  blood,  which  is  distributed  to  the  organ  of  aeration,  as  in  the 
adult,  but  a  part  only  as  in  the  batracia. 

BicHAT  and  Maoendis  contest,  and  we  think  successfully,  the 
explanation  of  Wolf  and  Sabatier,  regarding  the  use  of  the  valve 
of  Eustachius  and  the  non-admixture  of  the  blood  of  the  two  cavs 
in  the  right  auricle.  In  their  opinion,  the  two  bloods  do  commin- 
gle; but,  owing  to  the  existence  of  the  foramen  ovale  an^  the  ax^ 
rangement  of  the  valve  of  Eustachius,  the  left  auricle  is  filled 
simultaneously  with  the  right ;  and,  consequently,  the  same  kind 
of  blood  must  be  distributed  to  both  the  upper  and  lower  portions 
of  the  body.  The  uses  of  the  foramen  ovale  and  ductus  arteriosus 
are  explained  as  follows.  As  the  left  auricle  receives  but  little 
blood  from  the  lungs,  it  could  furnish  but  a  small  quantity  to  the 
left  ventricle,  did  it  not  receive  blood  through  the  foramen  ovale; 
and  asain,  as  the  lung  is  exerting  no  function,  during  the  state  of 
foetal  life,  the  blood  is  sent  along  the  pulmonary  artery  and  ductus 
arteriosus  into  the  aorta,  so  that  the  contraction  of  both  ventricles 
is  employed  in  propelling  the  blood  along  the  aorta  to  the  lower 
parts  of  the  body  and  to  Uie  placenta.  Without  this  union  of  forces 
it  is  conceived,  that  the  blood  could  not  be  urged  forward  as  far 
as  the  placenta. 

After  all,  then,  the  great  difference  between  the  foetal  and  adult 
circulation  is, — that,  in  the  former,  a  part  of  the  blood  only  pro- 
ceeds to  the  organ  of  sanguification;  that  the  aerated  blood  is 
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poured  into  the  right  auricle  instead  of  the  left ;  that,  instead  of 
proceeding  through  the  lungs,  a  part  of  the  blood  gets  at  once  to 
the  left  side  of  the  heart,  and  the  remainder  goes  directly  from 
the  pulmonary  artery  into  the  aorta ;  that  a  part  of  the  aortic  blood 
proceeds  to  the  lower  extremities,  and  the  remainder  goes  to  the 
placenta,  from  which  it  is  returned  into  the  inferior  cava. 

With  regard  to  the  nutrition,  (properly  so  called,)  of  the  foetus, 
it  is  doubtless  effected  in  the  same  manner  as  in  the  adult ;  and 
our  ignorance  of  the  precise  nature  of  the  mysterious  process  is 
equally  great.  During  the  whole  of  fo&tal  existence  it  is  energeti- 
cally exerted,  and  especidly  during  the  earlier  periods.  Soemmer- 
ing has  asserted,  that  the  growth  of  the  foetus  fluptuates;  that  in 
the  first  month  it  is  greatest ;  in  the  second,  less ;  in  the  third, 
greater;  less,  again,  in  the  fourth ;  and  then  greater  until  the  sixth, 
when  it  diminishes  until  birth. 

There  are  one  or  two  singular  circumstances,  connected  with  the 
nutrition  of  the  foetus,  which  cannot  be  passed  oyer  without  a 
slight  notice. 

Owing  to  inappreciable  causes,  the  different  parts  of  the  foetus, 
or  some  particular  part,  may  be  preternaturally  developed  or  be 
defective,  giving  rise  to  what  have  been  termed  monstrosi- 
ties. Three  kinds  of  monsters  may  be  considered  to  exist  The 
Jirst  comprises  such  as  are  born  with  an  excess  of  parts,  as  with 
two  heads  on  one  trunk,  two  trunks  to  one  head;  with  four  arms 
and  four  legs ;  twins  with  a  band  uniting  them,  as  in  the  case  of 
the  Siamese  twins,  &c.  The  second  indudes  those  in  which  parts 
are  defective,  as  acephali,  anencephali,  &c.;  and  the  third,  those 
in  which  there  is  deviation  of  parts,  as  where  the  heart  is  on  the 
right  aide,  the  liver  on  the  left,  &c.;  where,  in  other  words,  there 
is  transposition  of  the  viscera. 

The  hypotheses,  that  have  been  advanced  to  account  for  these 
formations,  as  well  as  for  those  in  which  the  parts  are  irregularly 
developed,  may  be  reduced  to  three ;  the  others,  that  have  been 
indulged,  having  no  probability  in  their  favour.  First.  They 
have  been  attributed  to  the  influence  of  the  imagination  of  the  mo- 
ther over  the  foetus  in  utero.  Secondly.  To  accidental  changes, 
experienced  by  the  foetus  at  some  period  of  uterine  existence;  and 
Thirdly,  To  some  original  defect  in  the  germs. 

The  first  of  these  causes  has  been  a  subject  of  keen  controversy 
amongst  physiologists,  at  all  periods.  We  have  seen,  that  the  mo- 
ther transmits  to  the  foetus  the  materials  for  its  nutrition ;  and  that,  to 
a  certain  extent,  the  nutrition  is  influenced  by  the  character  of  the 
materials  transmitted ;  so  that  if  these  be  not  of  good  quality  or  in 
due  quantity,  the  foetus  will  be  imperfectly  nourished,  and  may 
even  perish.  Any  violent  mental  emotion  may  thus  destroy  the 
child,  by  modifying  the  quantity  or  quality  of  the  nutritive  matter 
sent  to  it  Small-pox,  measles,  and  other  contagious  diseases  can 
also  be  unquestionably  communicated  to  the  foetus  in  utero ;  so 
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that  the  life  of  the  foetus  is  indirectly  but  largely  dependent  upon 
the  condition  of  the  mother.  But  the  maternal  influence  has  been 
conceived  to  extend  much  beyond  this;  and  it  has  been  afiBrmed,  that 
the  excited  imagination  of  the  mother  may  occasion  an  alteration  in 
the  form  of  particular  parts  of  the  foetus,  so  as  to  give  rise  to  tuevi 
and  to  all  kinds  of  mothers^  marks y  as  they  have  been  termed. 

These  may  consist  of  spots  resembling  raspberries,  gmpes,  &e.; 
or  there  may  be  deficient  formation  of  particular  parts,— and  some 
of  the  cases,  that  have  been  adduced  in  favour  of  their  having  been 
induced  by  impressions,  made  upon  the  mother  during  pregnancy^ 
are  sufficiently  striking.  There  are  numerous  difficulties,  how- 
ever, in  the  way  of  accepting  the  cause  assigned.  If  a  child  be 
born  with  nsBvi  of  any  kind,  the  recollection  of  the  mother  is 
racked  to  discover,  whether  some  event  did  not  befal  her  during 
gestation  to  which  the  appearance  can  be  referred,  and  it  is  not 
often  difficult  to  discover  some  plausible  means  of  explanation. 

Cases  have  occurred  in  which  the  mother,  when  a  few  months 
advanced  in  pregnancy,  has  been  shocked  by  the  sight  of  a  person 
who  had  lost  his  hand,  and  the  child  has  been  born  devoid  of  a 
hand.  A  young  femsJe,  a  few  months  gone  with  diild,  visited 
a  brother  in  one  of  the  hospitals  of  London  who  was  wounded 
in  the  side.  His  condition  afiected  her  extremely.  Her  child 
was  born  with  a  deep  pit  precisely  in  the  same  part  that  was 
wounded  in  the  brother. 

These  are  samples  of  the  thousands  of  cases,  that  have  been  re- 
corded, or  that  have  occurred  to  difierent  individuals.  Similar 
instances  have  even  been  related  of  the  inferior  animals.  In  the 
extracts  from  the  minute  book  of  the  Linnean  Society  of  Liondon, 
an  account  is  given,  by  Mr.  George  Milne,  F.  L.  S.,  of  the  ef- 
fect of  the  imagination  of  a  female  cat  on  her  young.  One  after- 
noon, whilst  Mr.  Milne  and  his  family  were  at  tea,  a  young  fe- 
male cat,  which  had  arrived  at  the  middle  of  gestation,  was  lying 
on  the  hearth.  A  servant,  hy  accident,  trod  very  heavily  on  her 
tail;  she  screamed  violently,  and,  from  the  noise  emitted,  it  was 
evident,  that  a  considerable  degree  of  terror  was  mingled  with  the 
feeling  from  the  injury.  From  so  common  a  circumstance  no  ex- 
traordinary result  was  expected;  but,  at  the  full  time,  she  dropped 
five  kittens,  one  of  which  was  perfect,  but  the  other  four  had  the 
tail  remarkably  distorted;  and  all  distorted  in  the  same  manner. 

Are  we  to  consider  these  and  similar  cases  of  mal-formation 
or  monstrosities  to  be  dependent  upon  the  influence  of  the  ma- 
ternal imagination  upon  the  foetus  in  utero;  or  are  we  to  re- 
gard them  as  coincidences,  the  cause  being  inappreciable,  but 
such  2iS  we  find  to  give  occasion  to  vicious  organization,  where 
no  coincidence  with  excited  imagination  can  be  discovered? 
Under  the  head  of  generation  we  have  combated  the  notion,  that 
the  mother's  fancy  can  have  any  efiect  during  a  fecundating  copu- 
lation.   Let  us  see,  then,  what  we  have  to  admit  in  a  case  where 
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a  female  is,  we  will  suppose,  four  months  advanced  in  pregnancy, 
when  she  is  shocked  at  the  appearance  of  one  who  has  Tost  his 
arm,  and  the  child  is  born  with  the  like  defect  It  has  been  seen, 
that  the  communication  between  the  mother  and  the  fo&tus  is  of 
the  most  indirect  character,  and  that  no  endeavours  have  succeeded 
in  throwing  substances  from  one  side  of  the  placenta  to  the  other; 
that  the  circulation  of  the  foetus  is  totally  distinct  from  that  of  the 
mother;  and  that  she  can  only  influence  the  foetus  through  the  nu*> 
tritiye  material  she  furnishes— whatever  be  its  character — and  con- 
sequently that  such  influence  must  be  exerted  upon  the  whole  of 
the  foetus  and  not  upon  any  particular  part  Yet,  in  the  suppositi- 
tious case  we  have  taken,  the  arm  must  have  been  already  formed, 
and  the  influence  of  the  mother's  fancy  must  have  been  exclusively 
exerted  upon  its  absorbents,  so  as  to  cause  them  to  take  up  again 
that  which  had  been  already  deposited! 

The  case  we  have  assumed  is  not  environed  with  more  difficulty 
than  any  of  the  kind.  It  is  a  fair  specimen  of  the  whole.  Tet 
how  impracticable  for  us  to  believe,  that  the  effect  can  be  in  any 
way  connected  with  the  assigned  cause;  and  bow  much  more  easy 
to  presume,  that  the  coincidence,  in  such  cases,  is  accidental.  Cases 
of  hare-lip  are  perpetually  occurring,  yet  we  never  have  the  ma- 
ternal imagination  invoked;  because,  it  is  by  no  means  easy  to  dis- 
cover any  similitude  between  the  affection  and  extraneous  objects. 
Moreover,  in  animals  of  all  kinds — even  in  the  most  inferior,  as 
well  as  in  plants — monstrous  formations  are  incessantly  happening 
where  maternal  imagination  is  out  of  the  question. 

As  a  cause  of  monstrosities,  therefore,  the  influence  of  the  ma- 
ternal imagination  has  been  generally  regarded  as  an  inadmissible 
hypothesis.  By  many  it  has  been  esteemed  ridiculous;  yet  it  mani- 
festly receives  favour  witliSirEvBRARDHoME,and  isperhaps  hardly 
worthy  of  the  strong  epithets  of  condemnation  that  have  been  ap- 
plied to  it,  although  sufficiently  incredible.  The  third  hypothesis, 
with  regard  to  defective  serms,  we  have  already  canvassed  under 
generation,  and  attempted  to  prove  it  insufficient 

The  second,  consequently,  alone  remains,  and  is  almost  univer- 
sally adopted.  Independently  of  all  disturbing  influences  from 
the  mother,  the  foetus  is  known  to  be  frequently  attacked  with 
spontaneous  diseases,  such  as  dropsy,  ulceration,  gangrene,  cuta- 
neous eruptions,  &c.  Some  of  these  affections  occasionally  destroy 
it  before  birth.  At  other  times,  it  is  born  with  them;  and  hence 
they  are  termed  connate  or  congenital. 

Where  a  part  has  been  wanting,  the  nerve  or  blood-vessel  or 
both,  proceeding  to  it  have  likewise  been  found  wanting  so  that 
the  defect  of  the  organ  has  been  thus  explained;  without  our  being 
able,  however,  to  understand  the  cause  of  the  deficiency  of  such 
Herve  or  blood-vessel. 

In  some  of  the  cases  of  monstrosities  a  confusion  of  two  germs 
s^ms  to  have  occurred.     Two  vesicles  have  been  fecundated^ 
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and  subtfequently  oommingledy  00  that  children  hafe  been  pro- 
duced with  two  heads  and  one  trunk,  or  with  two  trunks  and  one 
head,  &c  &c« 

The  animal  temperature  of  the  foetus  cannot  be  rigidly  deter- 
mined. The  common  belief  is,  that  it  is  some  degrees  lower  than 
that  of  the  mother;  and  it  is  affirmed,  that  the  temperature  of  the 
dead  foetus  is  higher  than  that  of  the  living.  The  foetus  must,  there- 
fore, possess  the  means  of  refrigeration.  Edwards  found,  in  his 
experiments,  that  the  temperature  of  young  animals  is  inferior  to 
that  of  the  adult;  which  is  in  accordance  with  the  general  belief 
regarding  that  of  the  foetus  in  utero.  In  some  cases,  as  in  those  of 
the  kitten,  puppy  and  rabbit,  if  they  be  removed  from  the  mother 
and  exposed  to  a  temperature  of  between  50^  and  70^;  their  tem- 
perature will  sink, — as  happens  to  the  cold-blooded  animal, — to 
nearly  the  same  degree.  The  faculty  of  producing  heat  he  found 
to  be  at  its  minimum  at  birth;  but  it  progressively  mcreased,  until 
in  about  fifteen  days  the  animal  acquired  the  power  in  the  same 
degree  with  the  adult  This  was  not  the  case,  however,  with  all 
the  mammalia.  It  seemed  to  be  confined  to  those  animals  that  are 
bom  blind;  in  which  a  state  of  imperfection  probably  existed 
in  other  functions.  It  was  the  same  with  birds  as  with  the 
mammalia;  birds,  hatched  in  a  defective  state,  as  regards  their 
organs  generally,  have  the  power  of  producing  heat  defective; 
whilst  others,  born  in  a  more  perfect  condition,  have  the  organs  of 
calorification  more  capable  of  exercising  their  due  functions.  The 
opinions  with  regard  to  the  temperature  of  the  human  infant  vary. 
Hallbr  asserts,  that  it  has  less  power  of  producing  heat  than  the 
adult,  and  such  is  the  opinion  of  Despretz,  Edwards,  and  the 
generality  of  physiologists.  The  latter  gentleman  estimates  it  at 
94.25^  of  Fahrjbnheit.  On  the  other  hand  Dr.  John  Davt 
affirms,  that  the  temperature  of  young  animals  generally,  and  that 
of  a  newly-born  child,  which  he  particularly  examined,  was  higher 
than  in  the  adult  It  is  impossible  to  account  for  this  discordance; 
but  the  general  results  of  experiments  will  be  found  to  agree  with 
those  of  Edwards.  The  foetus  certainly  possesses  the  power  of 
forming  or  separating  its  own  caloric;  otherwise  its  temperature 
should  correspond  with  that  of  the  mother,  which,  we  have  seen, 
is  not  the  fjact 

That  the  secretions  are  actively  exercised  in  the  foetus  is  proved 
by  the  circumstance,  that  all  the  surfaces  are  lubricated  nearly  as 
they  are  subsequently.  The  follicular  secretion  is  abundant,  and 
at  times  envelopes  the  body  with  a  layer  of  sebaceous  matter  of 
considerable  thickness.  Vauquslin  and  Buntva  have  asserted, 
that  this  is  a  deposit  from  the  albumen  of  the  liquor  amnii;  but  in 
reply  to  this  it  may  be  urged  that  we  do  not  find  it  except  on  the 
body  of  the  fcitus.  It  is  not  on  the  placenta  or  umbilical  cord,  and  * 
is  most  abundant  on  those  parts  of  the  foetus,  where  the  follicles  are 
most  numerous.     The  fat  also  exists  in  quantity  after  the  fifth 
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month.  The  greatest  question  has  been  with  regard  to  the  exist- 
ence,  in  the  foetal  state,  of  some  of  the  secretions  which  are  of  an  ex- 
crementitious  character.  For  example,  by  some,  the  urinary 
secretion  is  supposed  to  be  in  activity  from  the  earliest  period  of 
uterine  existence,  and  its  product  to  be  discharged  into  the  liquor 
amnii.  Such  is  the.  opinion  of  Meckel,  but  it  does  not  rest  on 
any  basis  of  observation.  The  only  circumstances,  that  in  any 
manner  favour  it,  are  the  fact  of  the  existence  of  the  kidneys  at  a 
very  early  period;  and  that  at  the  full  time,  the  bladder  contains 
urine,  which  is  evacuated  soon  after  birth.  On  analysis,  this  is 
found  to  be  less  charged  with  urea  and  phosphoric  salts  than  in 
after  life. 

Of  the  meconium  we  have  already  spoken.  It  is  manifestly  an 
excretory  substance,  produced,  probably,  by  the  digestion  of  the 
fluids  of  the  alimentary  canal.  V auquelin  analyzed  the  meconium 
evacuated  after  birth,  and  found  it  composed  of  water,  about  two- 
thirds;  of  a  substanceof  a  vegetable  nature,  but  ^t^i^6nm^,about  one- 
third;  mucus,  a  few  hundredth  parts,  and  a  little  bile.  It  appears, 
consequently,  to  be  less  azoted  than  the  excrement  of  the  adult 

Lastly,  the  cutaneous  perspiration  is  supposed  to  be  a  foetal 
excretion,  and  to  be  poured  into  the  liquor  amnii;  but  although  this 
is  probable,  we  have  no  positive  evidence  on  the  subject. 

III.  Functions  of  Seproduction, — ^These  require  no  consider- 
ation. They  are  inactive  during  the  foetal  state,  except  that  the 
testicles  and  the  mammae  appear  respectively  to  secrete  a  fluid, 
which  is  neither  sperm  nor  milk,  and  is  found  in  the  vesiculae  se- 
minales  in  the  one  case,  and  in  the  lactiferous  ducts  in  the  other. 
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OF  THE  AGES. 

UsDKR  this  head  we  haye  to  include  the  modificatiooa  that  oo- 
ear  in  the  functions  during  the  life  of  man,  from  birth  until  diaso- 
lutioo.  The  different  ages  may  be  separated  as  follows: — If\fancjfj 
eomprising  the  period  from  birth  till  the  second  dentition;— cAt^ 
hood  J  that  between  the  second  dentition  and  puberty; — cutolescence^ 
that  between  puberty  and  manhood ; — virility ^  that  between  youth 
and  old  age ;— and  old  age* 

SsoT.  I.  bkfanty. 

The  age  of  infancy  extends  from  birth  to  the  second  dentition^ 
or  until  about  the  seventh  or  eighth  year.  By  Hall6,  and  after 
him  by  Revaulbin,  RtrixiXRy  Adslon^  and  others,  this  has  been 
•gain  sobdivided  into  three  periods,  which  are  somewhat  distinct 
from  each  other,  and  may  therefore  be  adopted  with  adTantage* 
The  one  comprises  the  period  between  birth  and  the  first  denti- 
tion,— genenuly  about  seven  months;  a  second  embraces  the  whole 
period  of  the  nrst  dentition,  or  up  to  about  two  years ;  and  the 
third  includes  the  whole  interval,  that  separates  the  itnt  from  the 
second  dentition. 

1.  FirH  period  qf  Infancy .  As  soon  as  the  child  is  udiered 
into  the  world,  it  assumes  an  independent  existence,  and  a  series 
of  changes  occurs  in  its  functions  of  the  most  sudden  and  surprising 
character.  Respiration  becomes  established,  after  the  manner  in 
which  it  is  to  be  effected  durinc  the  remainder  of  existence;  a&d  the 
whole  of  the  peculiarities  of  foetal  circulation  cease, — the  organs 
of  these  peculiarities  being  modified  in  the  manner  to  be  described 
presently. 

As  soon  as  the  child  is  extruded  it  begins  to  breathe,  and  at 
the  same  time  to  cry.  What  are  the  agencies,  then,  by  which 
this  first  inspiration  is  effected,  and  this  disagreeable  impression  is 
inade  upon  the  new  being  at  tlie  moment  when  it  makes  its  ap- 
pearance amongst  us? '  ^lis  has  been  an  interesting  topic  of  in- 
quiry amongst  physiologists.  A  few  of  the  hypotheses,  that  have 
been  indulged,  will  be  mifficient  to  exhibit  the  direction  which  the 
investigation  has  taken. 

Whttt, — ^whose  views  were  long  popular,  and  still  have  sup- 
porters,—conceived,  that  before  birth  the  blood  of  the  foetus  hs 
properly  prepared  by  the  mother;  and  that  when,  after  birth,  it 
no  longer  receives  the  necessary  supply,  an  uneasy  sensation  is 
experienced  in  the  chesty  which  may  be  looked  upon  as  the  appe- 
tite for  breathing,  in  the  same  manner  as  hunger  and  thirst  are  ap- 
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petites  for  meat  &Dd  drink.  To  satisfy  this  appetite,  .the  brain 
excites  the  expansioQ  of  the  chest,  to  prevcDt  the  fatal  effects 
that  would  ensue,  if  the  lungs  were  not  immediately  aroused  to 
action.  This  appetite  is  supposed  to  commence  at  birth,  owing  to 
the  circulation  being  quickened  by  the  struggles  of  the  foetus  at 
that  period,  and  to  an  additional  quantity  of  blood  passing  through 
the  lungs^  which  excites  them  to  action,  and  seems  to  be  the  im- 
mediate cause  of  the  appetite. 

Haller  ascribed  the  first  inspiration  to  the  liabit  which  the 
fo&tus  has  acquired,  whilst  in  the  uterus,  of  taking  into  the  mouth 
a  portion  of  the  liquor  amnii;  and  he  supposed,  that  it  still  con- 
tinues to  open  its  mouth,  after  leaving  the  mother,  in  search  of  its 
accustomed  food.  The  air,  consequently,  rushes  into  the  lungs, 
expands  them;  the  blood  is  distributed  through  them,  and  a  regu- 
lar supply  of  fresh  air  is  needed  to  prevent  the  blood  from  stag- 
nating in  its  passage  from  the  right  to  the  left  side  of  the  heart. 

Dr.  Wilson  Fbiuf  regards  the  muscles  of  inspiration  as  en- 
tirely under  the  control  of  the  will;  and  he  thinks,  that  they  are 
thrown  into  action  by  the  uneasy  sensation  experienced  by  the 
new  being,  when  separated  from  the  mother,  and  having  no  longer 
the  necessary  changes  produced  upon  the  blood  by  her  organs. 
.  Adslon  thinks  it  probable,  that  the  series  of  developments,  oc- 
curring during  gestaUon,  predispose  to.  the  establishment  of  respi- 
ration. According  to  him,  the  lungs  gradually  increase  in  siae 
during  the  latter  months;  the  branches  of  the  pulmonary  vessels 
become  enlarged,  and  the  ductus  arteriosus  less ;  so  that  the  longs 
are  prepared  tor  the  new  function  they  have  to  execute.  In  addi- 
tion to  these  alterations,  he  conceives,  that  the  process  of  ac- 
couchement predisposes  to  the  change ;  that,  by  the  contractions 
of  the  uterus,  the  circulation  of  the  blood  must  be  necessarily  mo- 
dified in  the  placenta,  and  consequently  in  the  f(Btus,-*for  he  is  a 
believer  in  the  doctrine,  that  the  foDtus  receives  blood  from  the 
mother  by  the  placenta.  Owing  to  this  distuiebance  in  the  circula- 
tion, more  blood  is  sent  into  the  lungs ;  and,  when  the  child  is 
born,  it  is  subjected  to  new  and  probably  painful  impressions, 
^^  For  instance,^^  he  remarks,  '^  the  external  air,  by  its  coldness 
and  weight,  must  cause  a  disagreeable  impression  on  the  skin  of 
the  infant,  as  well  as  on  the  origin  of  all  the  mucous  membranes; 
and,  perhaps,  the  organs  of  the  senses  being,  at  the  same  time, 
suddenly  subjected  to  the  contact  of  their  proper  irritants,  receive 
painful  impressions  from  them.  These  different  impressions  being 
transmitted  to  the  brain,  they  are  reflected  into  the  different  de- 
pendencies of  the  nervous  system,  and,  consequently,  into  the 
nerves  of  the  inspiratory  muscles :  these  muscles,  thus  excited, 
enter  into  contraction,  in  the  same  manner  as  the  heart  is  stimu- 
lated to  renew  its  contractions,  during  syncope,  by  inspiring  a 
stimulating  vapour.'^ 

None  of  these  views  satisfactorily  explain  the  true  physioldgjr 
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of  the  first  inspiration ;  nor  is  it  probable,  that  any  can  be  devised^ 
which  haa  not  its  difficulties.  That  which  has  been  embraced  by 
Dr.  BosTocK  and  Sir  Cha&les  Bell  appears  to  us  to  be  liable  to 
fewer  objections  than  any  we  have  seen ;  and  to  explain  the  pro- 
cesS|  so  far  as  is  perhaps  practicable,  on  mechaniclBd  principles. 
The  first  respiratory  act,  according  to  them,  seems  to  be  purely 
mechanical,  and  to  result  from  the  change  of  position  which  the 
child  undergoes  at  birth.  From  the  mode  in  which  it  rests  in 
utero,  every  thine  is  done  that  position  could  effect,  to  diminish 
the  dimensions  of  the  chest;  and  any  change  in  this  position  most 
have  the  efiect  of  liberating  the  lungs  from  a  portion  of  the  pres- 
sure which  they  sustain.  The  head  cannot  be  raised  from  the 
breast,  nor  the  knees  removed  from  the  abdomen,  without  straight- 
ening the  spine,  and  the  spine  cannot  be  reduced  to  a  straight  une 
without  elevating  the  ribs,  and  permitting  the  abdominal  viscera 
to  fall;  but  the  ribs  cannot  rise,  nor  the  diaphragm  descend,  with- 
out enlarging  the  chest ;  and  as  the  chest  enlarges,  the  lungs,  which 
are  the  most  elastic  organs  of  the  body,  will  expand  their  air-cells, 
hitherto  collapsed  by  external  pressure,  and  Uie  external  air  will 
rush  in. 

The  same  cause  is  considered  to  account  for  the  new  circulatory 
movement  The  blood,  which,  in  the  fcBtus,  had  passed  throu^ 
the  foramen  ovale  and  the  ductus  arteriosus  without  visiting  the 
lungs,  is  solicited  from  its  course  by  the  expansion  of  the  chest, 
which  draws  the  blood  through  the  pulmonary  artery  as  forcibly 
as  it  does  air  through  the  windpipe.  The  blood,  thus  exposed  to 
the  air  in  the  lungs,  becomes  arterialized,  and  from  this  moment 
the  distinction  between  the  arterial  and  venous  blood  is  established. 
The  circulation,  through  the  vessels  peculiar  to  the  foetal  condition, 
now  ceases,  even  without  any  ligature  being  placed  upon  the  um- 
bilical cord. 

The  sudden  and  important  changes  supervening  in  this  manner, 
guide  us  to  the  decision  of  an  interesting  medicolegal  inquiry, — 
viz.  whether,  in  a  case  of  alleged  infanticide,  the  child  has  respired 
or  not; — in  other  words,  whether  it  has  been  bom  alive  or  dead  ? 

After  respiration  has  been  established,  the  lungs,  from  being 
dark-coloured  and  dense,  become  of  a  florid  red  hue;  are  light 
and  spongy,  and  float  on  water;  on  cutting  into  them  the  escape  of 
the  air  in  the  air-cells  occasions  a  crepitus,  and  a  bloody  fluid  ex- 
udes ;  there  is  closure,  or  an  approach  to  closure,  of  the  foramen 
ovale;  the  ductus  arteriosus  is  empty,  as  well  as  the  ductus  veno- 
sus;  and  the  absolute  weight  of  the  lungs  may  be  doubled. 

Respiration  having  been  once  thoroughly  established,  the  iudh- 
vidual  enters  upon  the  period  of  infancy,  which  has  now  to  en- 
gage our  attention. 

The  animal  functions  during  this  period  undergo  considerable 
development  The  sense  of  tact  is  but  little  evinced,  but  it  exists, 
as  the  child  appears  sensible  to  external  cold.    At  first  the  touch 
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is  not  exerted  under  the  influence  of  volition,  but  towards  the  ter- 
mination of  the  period  it  begins  to  be  active.    The  taste  is  almost 
always  null  at  first  Adelon  thinks,  that  it  is  probably  exerted  on 
the  first  day  as  regards  the  fluids,  which  the  infant  sucks  and  drinks. 
We  have  daily  evidence,  however,  that  at  an  early  period  of  exist- 
ence, the  most  nauseous  substances,  provided  they  are  not  irrita- 
ting, will  be  swallowed  indiscriminately,  and  without  the  slight- 
est repugnance  $  but  before  the  termination  of  the  period  we 
are  now  considering,  the  taste  becomes  inconveniently  acute,  so 
that  the  exhibition  of  nauseous  substances,  as  of  medicine,  is  a  mat- 
ter of  more  difficulty.  The  smell  is  probably  more  backward  than 
any  of  the  other  senses ;  the  development  of  its  organ  being  more 
tardy,  the  nose  being  small,  and  the  nasal  sinuses  not  in  existence. 
In  the  first  few  weeks,  sight  and  hearing  are  imperfectly  exerted, 
but  subsequently  they  are  in  full  activity.     The  internal  sensa- 
tions, being  instinctive,  exist;  all  those  at^least  that  are  connected 
with  the  animal  and  nutritive  functions.     Hunger  and  thirst  ap- 
pear during  the  first  day  of  existence ;  the  desire  of  passing  the 
urine  and  faecesis  doubtless  present,  notwithstanding  they  appear  to 
be  discharged  involuntarily ;  aiid  the  morbid  sensation  of  pain  is 
often  experienced,  especially  in  the  intestinal  canal,  owing  to  flatus, 
acidity,  &c.     During  the  first  part  of  the  period  the  child  exhibits 
no  mental  and  moral  manifestations ;  but,  in  the  course  of  a  few 
weeks,  it  begins  to  notice  surrounding  objects,  especially  such  as 
are  brilliant,  and  to  distinguish  between  the  faces  to  which  it  has 
been  accustomed  and  those  of  strangers ;  awarding  the  smile  of 
recognition  or  of  satisfaction  to  the  former,  the  look  of  gravity  and 
doubt  to  the  latter.     Locomotion  is,  at  this  time,  utterly  impracti- 
cable, as  well  as  the  erect  attitude.     The  muscular  system  of  the 
child  is  not  yet  sufficiently  developed,  the  spinous  processes 
of  the  vertebras  are  not  formed,  and  it  has  not  learned  to  keep 
the  centre  of  gravity— or  rather  the  vertical  line — within  the 
base  of  sustentation.    The  function  of  expression  is  at  the  early 
part  of  the  period  confined  to  the  vagitus  or  squalling,  which  in- 
dicates the  existence  of  uneasiness  of  some  kind ;  but,  before  the 
termination  of  the  period,  it  unites  smiles  and  even  laughter  to  the 
opposite  expressions,  and  will  attempt  to  utter  sounds,  which 
cannot  yet  be  considered  as  any  attempt  at  conventional  lan- 
guage.    Sleep  is  largely  indulged.     Soon  after  birth  it  is  almost 
constant,  except  when  the  child  is  taking  nutriment     Gradually 
the  waking  intervals  are  lengthened ;  but  still  much  sleep  is  needed, 
owing  to  ^e  frail  condition  of  the  nervous  system,  which  is  soon 
elhausted  by  exertion  however  feeble,^and  requires  intermission. 
After  birth,  the  child  has  to  subsist  upon  a  different  aliment  from 
that  with  which  it  was  supplied  whtlst  in  the  maternal  womb.  Its 
digestion,  therefore,  undergoes  modification.    The  nutriment  is 
now  the  milk  of  the  parent,  or  some  analogous  liquid,  which  is 
sucked  in,  in  the  manner  described  under  the  head  of  Digestion* 
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For  this  kind  of  prehension  the  mouth  of  the  infant  is  well  adapt- 
ed. The  tongue  is  very  large,  compared  with  the  size  of  the  body, 
and  the  want  of  teeth  enables  the  lips  to  be  extended  forwards  and 
to  embrace  the  nipple  more  accurately  and  conyeniently^  The  ac- 
tion of  sucking  is  doubtless  as  instinctive  as  the  appetite  (or  nutri- 
menty  and  equally  incapable  of  explanation.  The  appetite  appears 
to  be  almost  incessant,  partly  owing  to  the  rapidity  of  the  growth 
demanding  continual  supplies  of  nutriment,  and  partly  pertiaps 
owing  to  a  feeling  of  pleasure  experienced  in  the  act,  which  ib  ge- 
nerally the  prelude  to  a  recurrence  of  sleep  broken  in  upon,^  appa- 
renftly,  for  the  mere  purpose  of  supplying  the  wants  of  th6  system, 
or  the  artificial  desire  produced  by  frequent  indulgence.  Often  we 
have  the  strongest  reason  for  believing,  that  the  great  frequency 
of  the  calls  of  the  appetite  is  occasfoned  by  the  habit,  with  many 
mothers,  of  putting  the  child  constantly  to  the  breast ;  whilst  in 
those  children  that  have  been  trained,  from  the  earliest  period  of 
existence,  to  receive  the  nutriment  at  fixed  hours  only,  the  desire 
will  not  recur  until  the  lapse  of  the  accustomed  interval. 

Digestion  is,  at  this  age,  speedily  accomplished;  the  evacuations 
being  frequent, — two  or  three  or  more  in  the  course  of  the  dtty, 
—of  a  yellow  colour,  something  like  custard,  or  curdy,  and 
having  by  no  means  the  ofiensive  smell,  which  they  subsequently 
possess.     During  the  first  days  after  birth  they  are  dark  and  adhe* 
sive,  and  consist  of  the  meconium^  already  described.     Young 
mothers  are  apt  to  be  alarmed  at  this  appearance,  which  is 
entirely  physiological,  and  always  exists.     The  respiration  of 
the  infant  is  more  frequent  than  in  the  adult,  nearly  in  the 
proportion  of  two  to  one,  and  it  is  chiefly  accomplished  by  the 
muscles  that  raise  the  rilM,  on  account  *of  the  great  size  of  some 
of  the  abdominal  viscera,  which  do  not  permit  the  diaphragm  to 
be  readily  depressed.     The  stethoscope  exhibits  the  respiration  to 
be  also  much  more  sonorous ;  so  characteristic,  indeed,  is  it  in  this 
respect,  that  it  has  been  called  ^'puerile,"  by  way  of  distinction. 
It  appears  to  indicate  a  greater  degree  of  dilatation  of  the  bronchial 
ramifications,  and,  consequently,  a  greater  admission  of  air  than 
occurs  in  after  life.     The  circulation  is  more  rapid;  the  palsations 
at  birth  being  nearly  twice  as  numerous  as  in  the  adult  Nutrition 
is  very  active  in  the  development  of  the  different  organs.    Calori- 
fication becomes  gradually  more  enerffetic  from  the  time  of  birth. 
The  recreroentitial  secretions,  as  well  as  the  excrementitial,  are 
as  regularly  formed  as  in  the  adult;  but  the  products  vary  some- 
what   The  urine,  for  instance,  is  less  charged  with  urea,  and  con- 
tains benzoic  acid;  the  perspiration  is  acidulous,  &c.  &c 

Adelon  asserts,  that  these  excretions  are  frequently  insuffieieot 
for  the  necessary  depuration,  and  that  nature,  therefore,  establishes 
others  that  are  irregular  and  morbid,  in  the  shape  of  cutaneous 
efflorescences,  &c.  These  can  scarcely  be  regarded  as  depurations, 
unless  we  consider  all  cutaneous  eruptions,  that  are  connected  with 
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gaftric  or  digestive  irritation^  to  be  thus  induced,  which  is  more 
than  problematical;  especially  as  most  of  them  are  neither  pustu- 
lar nor  vesicular,  and  therefore,  not  accompanied  by  any  sensible 
exudation. 

2.  Second  period  of  infancy ,  or  Jiret  dentition. — ^This  period 
embraces  the  whole  time  of  dentition,  and  is  considered  to  include 
the  age  between  seven  months  and  two  years.  In  it,  the  external 
senses  are  in  great  activity,  and  continually  furnishing  to  the  in- 
tellect the  means  for  its  development,  connected  with  the  universe. 
The  internal  sensations  are  likewise  active.  From  these  uniled 
causes,  as  well  as  from  the  improved  cerebral  organization,  the  in- 
tellect is  more  strengthened  during  this  period  tiban  p^haps  dur* 
ing  any  other.  The  senses  are  continaaUy  conveying  information, 
and  perception  is,  therefore,  most  active,  as  well  as  memory; 
whilst  imagination  and  judgment  are  feeble  and  circumscribed. 
The  faculty  of  imitation  is  strong,  so  that  by  hearing  the*  spoken 
language,  and  appreciating  its  utility,  the  child  endeavours  to  pro- 
duce similar  sounds  with  its  own  larynx,  and  gradually  succeeds,-— 
the  greater  part  of  its  first  language  consisting  of  imitations  of 
sounds  knitted  l>y  objects,  which  sounds  are  applied  to  designate 
the  object  itself,  in  the  manner  we  have  seen  elsewhere.  The 
affective  faculties  are  likewise  unfolded  during  this  period,  but 
generally  those  of  the  selfish  cast  are  predominant,  and  require  the 
most  careful  attention  for  their  rectification.  Even  at  this  early 
time  of  life,  the  effect  of  a  well-adapted  education  is  striking,  and 
spares  the  child  from  numerous  inconveniences,  to  which  unlicens- 
ed indulgence  in  its  natural  passions  would  inevitably  expose  it  - 
The  general  feeling  is^  that  the  infant  is  not  yet  possessed  of  the 
necessary  intelligence  to  pursue  the  course  that  is  indicated;  but 
it  is  surprising  how  soon  it  may  be  made  to  understand  the  wishes 
of  its  instructor,  and  with  what  facility  it  may  be  moulded,  at  this 
tender  age,  in  almost  any  manner  that  may  be  desired.  During 
this  period,  the  child  is  capable  of  standing  erect  and  of  walking. 
Previous  to  this,  these  actions  were  impracticable,  for-the  reasons 
already  stated,  as  well  as  owing  to  the  weight  of  the  thoracic  and 
abdominal  viscera;  to  the  spine  having  but  one  curvature,  the  con- 
vexity of  which  is  backwards;  to  the  smallness  of  the  pelvis,  and 
its  inclination  forwards,  so  that  it  scarcely  supports  the  weight  of 
the  abdominal  viscera;  and  to  the  smallness  of  the  lower  limbs  and 
the  feebleness  of  their  muscles,  which  are  insufficient  to  prevent 
the  trunk  from  falling  forward. 

These  imperfections  are,  however,  gradually  obviated,  and  the 
child  commences  to  support  itself  on  all-fours;  a  position  assumed 
much  more  easily  than  the  biped  attitude,  owing  to  the  centre  of 
gravity  being  situated  low,  and  the  base  of  sustentation  being  large. 
In  this  attitude  he  moves  about  for  some  time,  or  his  locomotion  is 
effected  by  pushing  a  chair  before  him,  or  by  being  steadied  by 
his  nurse.  Gradually  he  passes  from  place  to  place  on  his  feet, 
by  laying  hold  of  surrounding  objects,  and,  in  proportion  as  the 
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bones  and  muscles  become  developed^  and  the  obstacles  to  progres- 
sion are  removed,  he  succeeds  in  walking  alone;  but  it  is  some  time 
before  he  is  capable  of  running  or  leaping.  Perhaps  the  average 
period^  at  which  the  infant  begins  to  walk,  is  about  twelve  months; 
but  we  see  great  difference  in  Uiis  respect 

When  once  the  infant  is  fairly  on  his  legs,  the  whole  of  his  wak- 
ing hours  is  spent  in  incessant  activity  and  amusement  His  func- 
tions of  expression  are  commensurate  with  his  intellectual  deve- 
lopment, which  we  have  seen  to  be  great  in  this  period.  Sleep, 
which  is  now  more  interrupted,  is  still  imperiously  and  frequently 
demanded,  the  nervous  system  being  devoid  of  that  strength, 
which  it  subsequently  possesses,  and  therefore  requiring  repose. 

One  of  the  most  important  changes  going  on  at  this  age  concerns 
the  function  of  digestion.  This  is  the  process  of  dentif  ion,  which 
usually  commences  about  the  seventh  month,  and  continues  till  the 
end  of  the  second  year  at  least  Prior  to  the  appearance  of  the  teeth, 
mastication  is  of  course  impracticable;  and  the  food,  best  adapted  for 
the  delicate  powers  of  the  infant,  is  that  afforded  by  the  maternal 
breast,  or  a  substitute  which  resembles  it  as  closely  as  possible.  The 
appearance,  however,  of  teeth  Would  seem  to  indicate  that  the  infant 
is  about  to  be  adapted  for  more  solid  aliment  As  early  as  the  second 
month  of  utero-gestation,  if  the  jaws  be  carefully  examined,  the 

Srms  of  the  teeth  are  perceptible  in  their  substance,  under  the 
rm  of  membranous  follicles  of  an  oval  shape,  attached  by  their 
deep-seated  extremity  to  a  vascular  and  nervous  pedicle,  and  by 
their  superficial  extremity  to  the  gum.  The  cavity  of  these  folli- 
cles, according  to'BECLARDyis  at  first  filled  with  a  colourless,  lim- 
pid fluid;  but  a  kind  of  vascular  and  nervous  papilla  or  pulp  soon 
fbrms  in  it,  which  commences  at  the  deep-seated  portion  of  the 
follicle,  proceeds  towards  the  other  extremity,  and  ultimately  fills 
it, — the  fluid  diminishing  in  proportion  to  the  increase  of  the  pulp. 
About  the  termination  of  the  third  month,  ossification  begins,  and 
a  little  sooner  in  the  lower  than  in  the  upper  jaw.  This  consists,  at 
first,  in  a  deposition  of  ivory  matter  on  the  surface  of  the  pulp  and 
at  its  top;  which  goes  on  increasing  in  width  until  it  covers  the 
whole  of  the  dental  pulp  with  a  shell  of  bone.  It  augments  also 
in  thickness  at  the  expense  of  the  dental  pulp,  which  becomes 
gradually  less  and  less.  When  the  bony  shell  has  extended  as  far 
as  the  neck  of  the  tooth,  the  external  membrane  or  sac  of  the  tooth, 
—-for  the  follicle  consists  of  two  membranes— attaches  itself  close- 
ly, but  not  by  adhesion  to  tike  part  The  inner  membrane  becomes 
much  more  vascular,  and  the  enamel  is  secreted  by  it  A  thickish 
fluid  is  observed  to  be  poured  out  from  the  inner  surface  which  is 
soon  consolidated  into  a  dark,  chalky  substance,  and  afterwards 
becomes  white  and  hard. 

At  birth,  the  coronse  of  the  incisors  are  formed;  those  of  the 
canine  are  not  completed;  whilst  the  molares  have  only  their  tu- 
bercles. The  root  or  fang  is  formed  last  of  all.  As  ossification 
proceeds^  the  corona  of  the  tooth  presses  upon  the  gum,  a  portion 
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of  the  follicle  being  interposed,  which  ii  gradually  ibBorbed,  as  well 
as  the  gum,  aod  the  tooth  issues. 

The  age,  at  which  the  teeth  make  their  appearance,  varies.  Oc- 
casionally, children  have  been  born  with  tiiem,  whilst  in  other 
oases  they  have  not  pierced  the  gum  until  aiter  ttie  period  we  are 
considering.  Generally,  however,  the  middle  incisors  of  the  lower 
jaws  appear  about  the  seventh  month,  and,  subsequently,  those  of 
the  upper  jaw;  next  the  inferior  and  superior  lateral  inciaors  in 
succession ;  then  the  first  lower  molares,  and  the  first  upper;  next 
the  inferior  and  superior  canine  teeth,  successively ;  and,  lastly, 
the  second  molares  of  each  jaws. 

The  approximate  times  of  their  appearance  are  thus  estimated 
by  Mr.  Thoxas  Bbll. 

From  five  to  eight  months,  the  four  central  incisors. 

From  seven  to  ten,  the  four  lateral  incisors. 

From  twelve  to  sixteen,  the  four  anterior  molares. 

From  fourteen  to  twenty,  the  four  canine. 

From  eighteen  to  thirty-six,  the  four  posterior  molares. 

ng.  160. 
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Dentition  is  necesmrily  a  physiologieal  process,  but  it  is  apt  to 
be  a  cause  of  numerous  diseases.  The  whok  period  of  its  con- 
tinuance is  one  of  great  nervous  susceptibility, — so  that  the  sur- 
{^n  never  operates  during  it  unless  when  compelled, — and  we 
can  understand,  that  the  pressure,  exerted  by  the  tooth  on  the 
gum,  and  the  consequent  inflammation  and  irritation,  may  lay  the 
foundation  of  numerous  diseases.  More  are  doubtless  ascribed  to 
the  process  than  it  is  entitled  to,  but  still  they  are  sufficiently  nu- 
merous; and  all  require,  in  their  management,  the  firee  division  of 
the  distended  gum,  so  as  to  set  the  presenting  part  of  the  tooth  at 
liberty. 

Whilst  the  teeth  are  appearing,  the  muscular  structure  of  the 
body  generally  is  acquiring  strength,  and  the  salivary  organs  are 
described  by  anatomists  as  becoming  much  more  developed.  The 
food-of  the  child  is  now  diversified,  abd  it  begins  to  participate  in 
the  ordinary  diet  of  the  table.  The  excrementitious  matters  are 
consequently  altered  in  their  character,  particularly  the  alvine, 
which  become  firmer,  and  acquire  the  ordinary  fsc^  smell;  the 
urea  is  still,  however,  in  the  generality  of  cases,  in  less  proportion 
than  in  the  adult  The  other  functions  require  no  particular  men- 
tion. 

The  mortality,  during  this  period,  is  great  The  bills  of  mor- 
tality of  LfOndon  show,  that  the  deaUis  under  two  years  of  aee  are 
nearly  thirty  per  cent  of  the  whole  number.  In  Philaddphia, 
during  a  period  of  twenty  years  ending  with  1826,  the  propor- 
tion was  rather  less  than  a  third.  The  cholera  of  infants  is  the 
great  scourge  of  our  cities  during  the  summer  months,  whilst  in 
country  situations  it  is  comparatively  rare ;  and  it  is  always  found 
to  prevail  most  in  crowded  alleys,  and  in  the  filthiest  and  impurest 
habitations.  There  is  something  in  the  confined  and  deteriorated 
atmosphere  of  a  town,  which  seems  to  act  in  a  manner  directly 
unfavourable  to  human  life,  and  of  the  young  especially  This 
is  not  confined  to  man.  It  is  applicable  also  to  the  animal. 
Experiments  were  instituted  by  Jennbr,  and  since  him  by  Dr. 
Baron,  which  show  that  a  privation  of  free  air  and  of  their  na- 
tural nourishment  has  a  tendency  to  produce  disorganization  and 
death.  Dr.  Bakon  placed  a  family  of  young  rabbits  in  a  confined 
situation,  and  fed  them  with  coarse  green  food,  such  as  cabbage 
and  grass.  They  were  perfectly  healthy  when  put  up.  In  about 
a  month  one  of  them  died, — the  primary  step  of  disorganization 
being  evinced  by  a  number  of  transparent  vesicles  in  the  external 
surface  of  the  liver.  In  another,  which  died  nine  days  after,  the 
disease  had  advanced  to  the  formation  of  tubercles  in  the  liver. 
The  liver  of  a  third,  which  died  four  days  later,  had  nearly 
lost  its  true  structure,  so  completely  was  it  pervaded  by  tubercles. 
Two  days  afterwards  a  fourth  died  :  a  number  of  hydatids  was  at- 
tached to  the  lower  surface  of  the  liver.  At  this  time.  Dr.  Barov 
removed  three  young  rabbits  from  the  place  where  their  com- 
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panions  had  died  to  another  situation,  dry  and  dean,  and  to  their 
proper:  aoeoatomed  food.  The  lives  of  these  were  obviously  saved 
by  the  change.  He  obtained  similar  results  from  experiments  of 
the  same  nature  performed  on  other  animals. 

3.  Third  period  qfif\fancy. — ^This  requires  no  distinct  consi- 
deration ;  the  growth  of  the  child  and  the  activity  of  the  functions 
going  on  as  in  the  preceding  period,  but  gradually  acquiring  more 
and  more  energy.  Within  this  period  a  third  molaris  appears, 
which  is  not,  however,  a  temporary  tooth,  but  belongs  to  the  per- 
manent set 

During  the  whole  of  infancy,  the  dermoid  texture — ^both  skin 
and  mucous  membranes — ^is  extremely  liable  to  be  morbidly  af- 
fected; hence  the  frequency  of  eruptive  diseases,  and  of  diarrboMi, 
aphthsB,  croup,  bronchitis,  &c,  many  of  which  are  of  very  fatal 
tendency.  Owing,  also,  to  the  susceptibility  of  the  nervous  sys- 
tem, convulsions,  hydrocephalus,  and  other  head  affections  are  by 
no  means  infrequent 

Sect.  IL— Childhood. 

Childhood  may  be  considered  to  extend  from  the  seventh  to 
the  fifteenth  year,  or  to  the  period  of  puberty ;  and  it  is  parti- 
cularly marked  by  the  shedding  of  the  first  set  of  teeth,  and  the 
Sipearance  of  the  second.  It  is  manifest,  that  in  the  growth  of 
e  jaws  with  the  rest  of  the  body,  the  teeth,  which,  for  a  time, 
may  have  been  sufficient  in  magnitude  and  number,  must  soon 
cease  to  be  so;  hence  the  necessity  of  a  fresh  set  which  may  re- 
main permanently.  The  process  for  the  formation  of  the  permanent 
teeth  is  similar  to  that  oi  the  milk  or  temporary  teeth ;  yet  it  pre- 
sents some  remarkable  points  of  difference ;  and  it  affords  us  an- 
other surprising  instance  of  the  wonderful  adaptation  of  means 
to  definite  objects,  of  which  we  have  so  many  in  the  human 
body* 

This  process  has  been  well  described  by  Mr.  Thomas  Bbll, — 
in  his  recent  work  on  the  <<  Anatomy,  Physiology,  and  Diseases 
of  the  Teeth,"— an  individual  whose  opportunities  for  observation 
have  been  unusually  numerous,  and  to  whose  zeal  and  ability  in 
his  profession,  as  well  as  in  the  prosecution  of  natural  science,  it 
affords  us  pleasure  to  testify. 

The  rudiments  of  the  permanent  teeth  are  not  original  and  inde- 
pendent like  those  of  the  temporary.  They  are  derived  from  the 
latter,  and  continue,  for  a  considerable  time,  attached  to,  and  inti- 
mately connected  with,  them. 

At  an  early  period  in  the  formation  of  the  temporary  teeth,  the 
investing  sac  nves  off  a  small  process  or  bud,  containing  a  portion 
of  the  essential  rudiments,  namely,  the  pulp,  covered  by  its  proper 
membrane.  This  constitutes  the  rudiment  of  the  permanent  tooth. 
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It  eoininencei  in  a  small  thickening  on  one  side  of  the  p«ait  Me, 

vrbich  gradually  becomes  more  and 
Fig,   101.  mors  circumBcribed,  and  at  lenj^ 

b  awaniea  a  diitinct  form,  though  still 

connected  with  it  by  ■  pedicle.  For 
•  time  the  new  rudiment  is  contain- 
ed within  the  mma  alveolus  as  its 
generator,   which  it  excarated  by 
the  abwrlientA  for  its  reeeplton.     It 
ifffnutkiis  not,  according  to  Mr.  Bill,  in 
iirfRn  the  consequence  of  the  pressure  of  the 
new  nidifflent  upon  the  bone,  that 
this  abeorption  is  ooeastoned,  but  by  a  true  processor  anticipation; 
for  he  states  that  he  has  seen  in  the  human  subject,  and  still 
more  evidently  in  the  foal,  the  commencement  of  the  excavalion 
before  the  new  sac  was  formed,  and  consequently  before  any  pres- 
sure could  have  taken  place  on  the  parietes  of  the  socket.     The 
absorption  does  not  indeed  begin  in  the  smooth  surface  of  the 
socket,  but  in  the  canoelli  of  bone  immediately  behind  it.   By  de- 
grees, a  small  recess  is  thus  formed  in  the  parietes  of  the  alveolus, 
in  which  the  new  rudiment  is  lodged,  and  this  excavation  coo- 
tinoes  to  increase  with  the  increasing  size  of  the  rudiment,  whilst, 
at  the  same  time,  the  maxillary  bone  becomes  enlarged,  and  the 
temporary  tooth,  advancing  in  its  formation,  rises  m 
Fig.  162.  the  sockeL     The  new  celt  is  thus  gradually  separatsd 
from  the  other,  both  by  being  itself  more  and  more 
deeply  excavated  in  the  substance  of  the  bone,  and 
also  by  the  formation  of  a  bony  partition  between  them, 
as  seen  in  the  marginal  figure,  162,  which  exhibits  the 
conoexioD  between  the  temporary  tooth  and  the  perma- 
nent rudiment,  as  it  exists  after  the  former  has  passed 
I  through  the  gum.     As  the  temporary  tooth  grows  and 
rises  in  the  jaw,  the  connecting  cord  or  pedicle  elon- 
gates, and  although  the  sac,  from  which  it  is  derived, 
i*  gradually  absorbed,  it  still  remains  atuched  to  the  neck  of  the 
Et     ,gQ  temporary  tooth.     The  situa- 

^'  tion  of  each  permanent  rudi- 

ment, when  ita  corresponding 
temporary  tooth  has  made  its 
appearance  through  the  gum,  is 
)  deeper  in  the  jaw  and  a  little 
I  behind    the   latter,  as  repre- 
/  sented  in  the  marginal  illustra- 
tions of  the  upper  and  lower 
jaw    after  the  whole  of  the 
temporary  teeth  have  passed 
through  the  gum.  Figs.  163  and 
164.  Fromtheseitwillbeunderstood,howUieupperpartofthcsafiof 
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thepermanentrudiment,— beiDgjbymeiniofthscordcoii  nected  with 
the    gum, — gradually  as- 

sumes  the  same  relation  to  Fig.  i.64. 

the  gum,  as  was  origi- 
nally suaUined  fay  the 
temporary  rudiment 

The  DSiification  of  the 
permanent    teeth      eom- 
mences  from  the  third  to  i 
the    sixth     mouth     after  { 
birth,  for  the  inciaors  and  \ 
first    niolaris;    about  the 

aiath  month  for  the  canine  teeth;  about  three  years  for  the  Becood 
molaria ;  at  three  ycsn  and  a  half  for  the  fourth ;  aod  at  tea  years 
for  the  &hh\  but  all  this  is  liable  to  much  Tarialion. 

The  permanent  teeth,  during  their  formation,  are  crowded  to- 
gether ID  the  jaw ;  but  as  soon  as  they  have  advanced  to  a  certain 
point,  and  can  no  longer  be  contained  within  their  own  alveoli, 
absorption  of  the  anterior  parietes  of  those  cavities  takes  place, 
and  the  teeth  are  allowed  lo  come  in  some  measure  forwards.  la 
consequence  of  such  absorption  it  frequently  happens,  that  not 
only  the  socket  of  the  correaponding  temporary  tooth,  but  that  of 
the  tooth  on  each  side  is  opened  to  the  permanent  one.  Absorp- 
tion now  occurs  in  the  root  of  the  temporarj>  tooth,— generally  at 
the  part  nearest  its  successor,  and  this  gradually  proceeds  as  the 
latter  advances,  until  the  root  is  completely  removed,  when  the 
crown  falls  off,  leaving  room  for  the  permanent  tooth  to  supply  Its 
place.  It  does  not  seem  that  this  absorption  of  the  root  is  pro- 
duced  by  pressure  on  the  part  of  the  permanent  tooth,  as  it  often 
happens,  according  to  Mr.  Bsll,  that  the  root  of  the  temporary 
tooth  is  wholly  absorbed,  and  the  crown  falls  out  spontaneously, 
long  before  the  succeeding  tooth  has  approached  the  .vacant  space. 
As  a  general  rule,  however,  the  actions  must  be  regarded  consen- 
taneous; and  Mr.  Bell  thinks,  that  this  absorption  resembles  that, 
already  referred  to,  for  the  formation  of  a  new  cell  to  receive  the 
permanent  pulp,  and  that  it  may  be  termed,  like  it,  a  "process  of 
anticipation."  In  both  instances,  the  existence,  though  not  the 
pressure,  or  even  the  contact,  of  the  new  body  is  necessary  to  ex- 
cite the  action  of  the  absorbent  vessels;  and  we  accordingly  find, 
that  in  those  cases,  by  no  means  uofrequent,  in  which  the  tempo- 
rary teeth  reuin  their  situation  in  the  mouth,  with  considerable 
firmness,  until  adult  age,  the  eorresponding  permanent  ones  have 
not  been  formed." 

The  following  are  the  periods  at  which  the  permanent  teeth  ge- 
nerally make  their  appearance.  They  are  extremely  irregular, 
however,  ia  this  respect,  and  the  estimate  must  consequently  be 
regarded  as  a  general  approximation  only. 
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Anterior  or  fint  greit  moliru,      -        -        -        6|  years. 
Middle  iDciMTS,  .        .        -        -        -         7 

LKtertl  iDciMn, 8 

Anterior  biciupidi,  or  first  leSHr  moUru,      -        9 
Poaterior  bicutpida,  or  second  leaser  moUres,        10 

Canine  teeth, 11  or  12 

Second  great  molares,  -  •  -  -  -  IS  or  13 
Third  great  molares  or  denttt  tapioitimy  -  17  to  SO 
When  these  have  all  appeared,  the  art  is  complete,  conristiDg 
orthirty-tm  teeth,  sixteen  in  each  jaw, — the  nomber  of  temporwy 
taeth  having  been  only  twenty.  The  accompanying  figure  repre- 
sentfl  the  upper  and  lower  permanent  teedi  in  their  alveoli  or  sock- 
ets, tbe  external  alveolar  plate  hariDg  been  removed  to  ahow  the 
moide  in  which  they  are  articulated.  Fig.  ISO  repiesentn  the  same 
teeth  when  removed  from  the  socket 

Fig.  105. 
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Whilst  the  jaws  are  becoming  furnished  with  teeth  and  i: 
ing  in  size,  they  undergo  a  change  of  form,  and  the  branches  be- 
come more  vertical,  so  as  to  favour  the  exotion  of  force  during 
maatioation.  When  the  teeth  issue  from  the  gums  they  are  mcwt 
favourably  situated  for  the  act  of  mastication;  the  incisors  ue 
sharp,  the  canine  pointed,  and  the  molares  studded  with  coaictl 
aq>eritie8 ;  but,  in  the  progress  of  age,  they  become  worn  oo  the 
surfaces  that  come  in  constant  contact 
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During  the  occurrence  of. these  changes,  which  emhrace  the 
whole  of  the  period  we  are  consideriiig,  and  extend,  at  tiroes,  into 
the  two  next,  the  aoimal  functions,  especially  that  of  sensibility, 
become  surprisingly  developed,  and  the  intellectual  and  moral  re- 
sults of  a  well  adapted  system  of  education  are  strikiogly  apparent 
The  nutritive  functions  are  likewise  performed  with  energy,  the 
body  not  yet  having  attained  its  full  growth ;  and,  towards  the 
end  of  the  period,  the  organs  of  reproduction  commence  that  de- 
velopment, which  we  have  to  describe  under  the  next  period. 

Sect.  III.    Adolescence. 

The  commencement  of  this  age  is  marked  by  one  of  the  most 
«ztraordinary  developroenta  that  the  frame  experiences,  and  its 
termination  by  the  attainment  of  full  growth  in  the  longitudinal 
direction.  The  period  of  the  former  of  these  changes  is  termed 
puberty;  that  of  the  latter  the  aduit  age. 

The  age  of  adoleaeenee  has  been  considered  to  extend  from 
fiileen  years  to  twenty-five  in  men ;  and  from  fifteen  to  twenty-one 
ia  wonfen ;  but  this  is  only  an  approximation  like  the  other  divi- 
aions  of  tha  ages,  all  of  which  are  subject  to  great  fluctuations  in 
individual  cases. 

During  the  periods  we  have  consid^vd,  no  striking  difierence 
exists  between  the  appearance  of  the  male  and  female,  except  as 
regards  the  generative  oi^ana ;  but  about  the  age  of  puberty  essen- 
tial changes  occur  that  modify  the  characteristics  of  the  two 
wzes  in  a  manner  which  they  maintain  through  the  remainder  of 
exitfence ;  and  these  changes  afiect  the  whole  of  the  economy  to  a 
greater  or  less  degree. 

In  the  male,  the  skin  loses  more  or  less  of  its  delicacy  and  white- 
BeBB;  the  hair  becomes  darker,  the  cellular  tissue  condensed,  and 
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the  muscles  more  bulky,  so  that  they  are  strongly  marked  beneath 
the  surface ;  the  beard  appears,  as  well  as  hair  upon  the  pubes, 
chesty  and  in  the  axillae.  The  different  parts  of  the  bddy  become 
developed  in  such  manner  that  the  centre  of  the'  frame  now  falls 
about  the  pubes.  The  encephalon  has  increased  in  size,  especially 
at  the  posterior  and  inferior  part, — the  cerebellum,  and  has  be- 
come firmer.  The  ossification  of  the  bones,  in  the  direction  of 
their  length,  terminates  towards  the  end  of  the  period.  The  mus- 
cles become  more  red  and  fibrinous,  losing  the  gelatinous  charac- 
ter they  previously  possessed,  and,  in  the  animal,  exhibiting  those 
striking  changes  which  we  see  from  veal  to  beef,  from  lamb  to 
mutton,  &c.  The  larynx  undergoes  great  augmentation,  and  the 
glottis  particularly  is  elongated  and  widened.  The  jaws  complete 
their  erowth,  and  the  dentes  sapientiae  appear,  so  as  to  make  up 
the  full  complement  of  sixteen  in  each  jaw.  The  changes  in  the 
nutritive  organs  are  not  great,  consisting  chiefly  in  their  develop- 
ment to  correspond  with  the  increased  size  of  the  frame.  The 
greatest  modification  is  produced  in  the  organs  of  reproduction, 
which  are  now  in  a  state  to  exercise  their  important  functions. 
The  testicles,  at  the  period  of  puberty,  suddenly  enlarge  so  as  to 
attain  twice  the  diameter  they  previously  possessed ;  and  the  se- 
cretion of  sperm  is  accomplished.  The  penis  is  also  greatly  in- 
creased in  size;  and,  according  to  Adslon,  '^becomes  susceptible 
of  erection."  This  susceptibility,  however,  exists  long  before  this 
age.  It  may  be  noticed  even  in  the  first  period  of  infancy.  The 
scrotum  assumes  a  deeper  colour.  Such  are  the  chief  changes  that 
supervene  in  the  male. 

In  the  female,  they  are  not  quite  30  striking; — ^the  general  habit 
remaining  much  the  same  as  during  childhood.  The  skin  pre- 
serves its  primitive  whiteness;  and  instead  of  the  cellular  tissue 
becoming  more  condensed,  and  the  muscles  more  marked,  as  in 
the  male,  fat  is  deposited  in  greater  quantity  between  the  muscles^ 
80  that  the  form  becomes  more  rotund.  New  hair  appears  only  on 
the  organs  of  reproduction  and  in  the  axillae,  whilst  that  of  the  head 
begins  to  grow  more  rapidly.  The  development  of  the  genital 
organs  is  bb  signal  as  in  the  male.  The  ovaries  attain  double  their 
previous  dimensions;  the  uterus  enlarges;  and  a  secretion  takes 
place  from  it  which  has  been  elsewhere  described— the  menstrual 
flux;  the  mens  veneris  and  labia  pudendi  are  covered  with  hair; 
the  labia  enlarge,  and  the  pelvis  has  its  dimensions  so  nciodified  as  to 
render  labour  practicable.  At  an  early  age,  the  long  diameter  of 
the  brim  is  from  before  to  behind;  but  it  now  assumes  the  opposite 
direction,  or  from  side  to  side;  and  the  bosom,  which,  prior  to  this 
age,  could  scarcely  be  distinguished  from  that  of  the  male,  becomes 
greatly  augmented;  fat  is  deposited  so  as  to  give  the  mammae  their 
rotundity;  the  mammary  gland  is  enlarged;  and  the  nipple  of 
greater  size;*-changes  fitting  the  female  for  the  new  duties  which 
she  may  be  called  od  to  exercise. 
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The  fanctionfl  undergo  equally  remarkable  modifications,  under 
the  new  and  instinctive  impulse  which  animates  every  part  of 
animal  life.  The  external  senses  attain  fresh  and  peculiar  activity; 
the  intellectual  faculties  become  greatly  developed,  and  this  is  the 
period,  during  which  the  mental  character  is  more  modified  and 
improved  by  education  than  any  other.  It  embraces  the  whole 
time  of  scholastic  application  to  the  higher  studies;  and  prior  to 
the  end  of  the  period,  the  male  youth  enters  upon  the  avocation 
whidi  is  to  be  his  future  support,  and  both  sexes  may  become 
established  in  life  in  the  new  relations  of.  husband  and  wife,  and  of 
parent  and  child.  It  is  during  this  age,  that  the  indescribable  feel- 
ing of  interest  and  afiection  is  experienced  between  individuals  of 
the  two  sexes;  and  that  the  boldness  of  the  male  contrasts  so  strik- 
ingly with  the  captivating  modesty  of  the  tender  female:-^ 

**  That  chattity  of  look*  which  teems  to  hang* 
A  veil  of  purest  light  o'er  all  her  beauties.'* 

The  muscles  having  acquired  their  strength  and  spring,  the  severer 
exercised  are  now  indulged,  and  mechanical  pursuits  of  all  kinds,— 
military  or  civil,«*4re  undertaken  with  fbll  efiect.  The  expres- 
sions participate  in  the  altered  condition  of  the  mental  and  moral 
manifestations,  and  indicate  vivacity,  energy,  and  enthusiasm.  The 
voice  of  the  male  acquires  a  new  character,  and  becomes  graver^ 
for  reasons  assigned  elsewhere;  whilst  that  of  the  female  experi- 
ences but  slight  modification. 

The  nutritive  functions  of  digestion,  absorption  and  respiration 
experience  but  little  change;  but  nutrition,  strictly  so  called,  is 
evidently  modified,  from  the  difierence  which  we  notice  in  the 
development  and  structure  of  the  various  organs.  The  muscles 
contain  more  fibrine;  the  blood  is  thicker  and  richer  in  glo- 
bules; and  the  excretions  manifest  a  higher  degree  of  animaliza- 
tion.  Urea  has  usurped  the  place  of  benzoic  acid  in  the  erine;  and 
the  cutaneous  transpiration  has  lost  its  acidulous  smell,  and  become 
rank  and  peculiar. 

Lastly,  the  sexual  fuiictions  are  now  capable  of  full  and  active 
exercise,  and  appear  to  be  intimately  connected  with  the  spirits, 
energy,  and  development  of  many  part3  of  the  economy.  If  the 
genital  organs  do  not  undergo  the  due  change  at  puberty,  or  if  the 
testes  of  the  male  or  the  ovaries  of  the  female  be  removed  prior  to 
this  age,  considerable  modification  occurs.  This  is  more  manifest 
in  the  male,  inasmuch  as  the  ordinary  changes,  that  supervene  at 
puberty,  are  in  him  more  marked  than  in  the  female. 

The  removal  of  the  testicles,  prior  to  puberty,  arrests  those 
changes.  The  beard  does  not  appear,  nor  the  hair  in  the  axilte  or 
on  the  pubes,  as  in  the  entire  male;  and  if  those  animals,  in  which 
the  males  are  distinguished  by  deciduous  horns,  as  the  stag,-— or  by 
crests  and  spurs,  as  the  cock,  be  castrated  before  their  appearance, 
they  never  present  themselves.     If,  however,  they  be  castrated 
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after  puberty,  they  retain  theae  evidenees  of  maaooline  character. 
The  euBUchy  likewiae,  who  beeomea  such  after  Ae  appearance  of 
the  beard,  jweaerves  it,  although  to  a  leas  extent  than  usoal. 

The  development  of  the  larynx  is  arrested  by  castration,  so  that 
the  voice  retains,  with  more  or  less  chann,  the  treble  of  the  pe- 
riod prior  to  puberty;  and  hence  this  revolting  operation  has  been 
had  recourse  to  for  the  sake  of  sratifying  the  lovers  of  music 

In  the  prog;ress  of  age,  we  find  that,  during  the  progressive  evo- 
lution of  the  organs,  one  set  will  be  liable  to  morbid  affections  at 
one  period,  and  another  set  at  another.  In  the  early  aces,  the  mu- 
cous membranes  and  the  head  are  peculiarly  liable  to  diaease;  and 
at  the  period  we  are  now  conaidering,  afTections  of  the  respiratory 
orsans  become  more  prevalent  It  is,  indeed,  the  great  age  for 
pulmonary  consumption, — that  fatal  malady,  which,  it  was  sup- 
posed by  Sydenham,  destroys  two-ninths  of  mankind.  In  the 
female,  whose  proper  feminine  functions  do  not  appear  at  the  due 
time  or  are  irregularly  exercised,  the  commencement, — and  indeed 
the  whole  of  this  period, — ^is  apt  to  be  passed  in  more  or  less 
sickness  and  sufiering. 

SxcT.  IV.  Virility  or  Manhood. 

Hall6  has  divided  this  age  into  three  periods, — crescent^  con- 
firmed and  decrescent  virility.  The  first  of  these  extends  from 
the  age  of  twenty-five  to  that  of  thirty-five  in  the  male,  and  from 
twenfy-one  to  tlurty  in  the  female;  the  second  from  thirty-five  to 
forty-five  in  the  male,  and  from  thirty  to  forty  in  the  female.  Nei- 
ther of  these  will  require  remark,  the  whole  of  the  functions 
throughout  this  work, — when  not  otherwise  specified, — ^being  de- 
scribed as  they  are  accomplished  in  manhood.  Owing  to  the  par- 
ticular evolution  of  organs,  however,  the  tendency  is  not  now  so 
great  to  morbid  afiections  of  the  respiratory  function.  It  is 
more  especially  the  age  for  cephalic  and  abdominal  hemorrhage 
accordingly,  apoplexy  and  hemorrhoidal  afiections  are  more  fre- 
quent than  at  any  previous  period. 

In  decrescent  virility^ — ^in  which  HalI6  comprises  the  period 
of  life  between  forty  and  fifty  in  the  female,  and  between  forty- 
five  and  sixty  in  the  male, — signs  of  decline  are  manifest  The 
skin  becomes  shrivelled  and  wrinkled;  the  hair  is  gray,  or^white 
and  scanty ;  the  teeth  are  worn  at  the  top,  chipped,  loose,  and 
many,  perhaps,  lost  The  external  senses,  especially  the  sight,  are 
more  obtuse,  partly  owing  to  a  chanse  in  the  physical  portions  of 
the  organ,  so  that  powerful  spectacles  become  necessary,  and  partly 
owing  to  blunted  nervous  sensibility.  Owing  to  the  same  cause 
the  intellectual  faculties  are  exerted  with  less  energy  and  effect, 
and  the  moral  manifestations  are  more  feeble  and  less  excitable. 

Locomotion  is  less  active,  owing  to  diminution  in  the  nervous 
power,  as  well  as  probably  to  physical  changes  in  the  muscles,  so 
that  the  individual  begins  to  stoop, — the  tendency  of  the  body  to 
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bear  forwarda  being  too  great  for  the  extensor  musdes  of  the  back 
to  counteract  The  expressions  participate  in  the  condition  of  the 
intellectual  and  moral -acts^  and  are  consequently  less  exerted  than 
in  former  periods. 

The  nutritive  functions  do  not  exhibit  any  very  remarkable 
change,  and  will  even  remain  active  until  a  good  old  age. 

The  functions  of  reproduction  show  the  greatest  declension, 
especially  in  the  female.  The  male  may  preserve  his  procrea- 
tive  capabilities  much  longer  than  this  period,  but  in  the  fe- 
male the  power  is,  usually,  entirely  lost,  the  loss  being  indi- 
cated by  the  cessation  of  menstruation.  After  this,  the  ovaries 
shrivel,  the  uterus  diminishes  in  size,  the  breasts  wither,  the  skin 
becomes  brown  and  thick,  long  hairs  appear  on  the  upper  lip  and 
chin,  and  all  those  feminine  points  are  lost  which  were  previously 
so  attractive.  The  period  of  the  cessation  of  the  menses  is  liable 
to  many  different  disorders,  which  are  the  source  of  much  annoy- 
ance, and  are  frequently  attended  with  fatal  consequences.  Prior 
to  their  total  disappearance,  they  become  extremely  irregular  in 
their  recurrence,  sometimes  returning  every  fortnight,  debilitating 
by  their  frequency,  and  by  the  quantity  of  the  fluid  lost,  and  lay- 
ing the  foundation,  in  many  cases,  for  uterine  or  other  diseases  of 
a  serious  character.  Cancerous  affections  of  the  mamm»  or  labia, 
which  had  been  previously  dormant  or  not  in  existence,  now  arise 
or  become  developed,  and  at  times  with  extreme  rapidity.  In  con- 
sequence of  the  great  liability  to  such  affections,  this  has  been  call* 
ed  the  critical  agty  critical  period^  or  critical  time  qfl\fe. 

Sect.  V.  Of  Old  Jigt. 

This  is  the  age  when  every  thing  retrogrades.  It  is  the  prelude 
to  the  total  cessation  of  the  functions,  where  the  individual  ex- 
pires,—which  is  but  rarely  the  case, — from  pure  old  age. 

This  period,  again,  has  been  divided  into  three  stages: — inei-- 
pient  or  green  old  age,  reaching  to  seventy  years ;  confirmed  old 
age  or  caducity^  to  eighty-five  years;  and  decrepitude,  from 
eighty-five  years  upwards. 

In  incipient  or  green  old  age,  the  declension,  which  had  oc- 
curred in  the  period  of  decrescent  virility,  is  now  more  marked. 
The  intellectual  and  moral  manifestations  exhibit  more  manifest 
signs  of  feebleness;  the  muscular  powers  totter,  and  require  the  aid 
of  a  support^— «s  well  to  convey  a  part  of  the  weight  of  the  body 
to  the  ground  as  to  enlarge  the  base  of  sustentation.  The  muscles 
of  the  hrynx  participate  in  this  general  vacillation ;  the 

**  Bir  mmnly  yoice 
Turning  anin  toward  childish  treblcy  pipes 
And  whistles  in  his  sound," 

and  is  broken  and  tremulous. 
Vol.  it.  51 


Tho  appetite  ie  gre>t,  and  th«  powen  of  digestion  eonaidenUe, 
but  tn&BticatloD  IB  Isrce- 
Fig.  167.  ly  deteriorated.  In  Uie 

first  place,  the  teeth  fall 
out,  io  cooaequence  of 
the  eoDBtdnt  depoaition 
of  fl«Bh  layers  in  the 
dental   eavittes   whrleh 
alti/nately  close  them, 
ahd  obliterate  the  ves- 
sels  that  pass  to  the  in- 
temal  papilla  for  their 
RHtrition.     As  soon  as 
the  teeth   have   fallen 
Otrt,  the  alTcolar  pro- 
oettses,  frhich  support- 
ed them,  waste  away 
by  absorption,  and  the  depth  of  the  jaw  ia  thua  greatly  lessened. 
On  these  accountfl,  the  jaws  only  approaoh  each  other  at  the  fore- 
part; the  ehin  projects,  and  the  angle  of  the  jaw  is  thrown  more 
forward.  As  the  teeth  and  the  sockeU  disappear,  the  alTcolsr  mar- 
gins become  thin  and  sharp,  and  the  gum  hardens  orer  them ;  the 
ehinand  nose  neeessarily  approaohf  (Fig.  168.)  the  lips  fall  in, and  the 
speech    is   inartlcu- 
Fig.  IflS.  late.     We  ean  thtu 

undwstand  the  peca- 
liaritieaof  the  mas- 
tication of  the  aged. 
They  are  compiled 
to  bite  with  the  an- 
terior portions  of  the 
jaws;  for  this  reason, 
as  well  as  owing  to 
'   the  greater  obliqaity 
of  the  insertion  of 
the  terator  mnsclea 
of  the  lower  jaw,  but 
little  force  can  be  ex- 
erted ;  and,  owing  to 
the  too  great  size  of 
the  lips,   the  saliva 
cannot  be  retained. 
RespiratJoD  is  not  as 
readily   accomplish- 
ed, partly  owing  to  the  complete  ossification  of  the  cartilages  of 
the  ribs,  but  chiefly  to  diminished  muscular  powers.     The  valves 
of  the  heart,  and  many  of  the  blood -veasels,  especially  of  the  extre- 
mities, become  more  or  less  ossified,  and  the  pulse  is  alow  and  inter- 
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mittent  Nutrition  is  efiected  16  sueb  n  degree  onlj  a«  to  keep  the 
machine  in  feeble  aetioa;  an4  animal  heat  if  formed  to  an  ioade^ 
quate  extent,  so  that  the  individual  requires  the  aid  of  greater  ex- 
traneous warmth.  In  many  cases  the  powers  of  repn^uction  in 
the  male  ase  now  completely  lost 

In  conjirmed  old  age,  the  debility  of  the  various  functions  goes 
on  augmenting.  The  mental  and  corporeal  powers  almost  totter 
to  their  fall)  and  often  a  complete  state  of  dementia  or  dotage  exists^ 
Frequently^  boweveri  we  are  gratified  to  find  full  intellectual  and 
moral  enjoyment  prevailing  even  after  this  pei[iod)  with  the  poa^ 
session  of  considerable  corporeal  energy.  The  author  has  had  the 
honour  to  enjoy  th^  friendship  of  twp  illustrious  individuals  of 
this  cD^ntryi  wl^  have  filled  the  highest  office  in  the  gift  of  a 
tree  people,  one  of  whom  is  now  no  more,  but  the  other  he  trusts 
destined  to  live  for  many  years  to  come:  both  enjoyed,  after 
the  lapse  of  eighty«-two  sununers,  the  same  commanding  intel*- 
lectual  powers  and  the  same  benevolence  that  ever  distinguished 
them. 

In  this  st^^e,  locomotion  becomes  more  difficult;  the  appetite  is 
considerable,  and  the  quantity  eaten  at  times  prodigious,  the  diges- 
tive powers  being  incapable  of  separating  the  due  amount  of  chyle 
jrom  the  quantity  of  aliment  which  was  sufficient  in  the  previous 
ages.  Difficulty,  however,  sometin^es  arises  in  defet)ation,  fhe 
muscular  powers  being  insufficient  to  expel  the  excrement  Froai 
this  cause  accumulations  oQcasionaUy  take  place  in  the  rectum, 
which  may  reauire  the  use  of  mechanical  means,  as  injections,  tbe 
introduction  of  an  instrument  to  break  them  down,  &c.  Genera- 
tion is,  usually,  entirely  impracticable,  erection  being  impossible;  ^ 
and  during  the  whole  of  this  and  the  next  stage,  the  urinary  or^ 
gans  are  liable  to  disorder, — irritability  about  the  neck  of  the 
bladder,  and  inoontinence  of  urine,  being  frequent  souroes  of  an* 
noyance. 

Finally,  to  this  stage  succeeds  that  of  decrqAtud^y  so  well  de- 
scribed by  Shaksvxabe: — 

^^LastfceneoTtU, 
That  ends  this  strangle,  erentflil  bistoiy, 
Is  second  childishiiess,  and  mere  oblivion; 
Sans  teeth,  sans  tytB^  sans  taste,  sans  eveiy  tbing^." 

The  loss  of  power,  mental  and  corporeal^  becomes  progressively 
greater;  and  in  addition  to  the  abolition  of  most  of  the  external 
8enses,^-e8pecially  those  of  sight  and  audition— the  intellectual 
faculties  are,  perhaps,  entirely  gone;  all  muscular  motion  is  lost, 
and  paralysis  requires  constant  confinement  to  the  bed,  or  to  the 
easy  chair;  the  excretions  are  passed  involuntarily;  sensibility  be- 
comes gradually  extinct,  and  life  finally  flits  away  as  impercep- 
tibly as  the  twilight  merges  in  the  shades  of  night 
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Sueh  is  a  brief  description  of  the  chief  changes  that  be&l 
the  body  in  the  different  ages.  To  depict  them  more  at  length 
would  be  inconsistent  with  the  obgect  and  limits  of  this  ele- 
mentary work.  It  is  clear,  that,  although  the  divisions  we 
haye  adopted  from  Hall6y  are  entirely  arbitrary,  must  run  into 
each  other,  and  be  liable  to  numerous  exceptions;-— certain  well- 
marked  changes  occur  about  the  commencement  or  termination  of 
many  of  them,  and  singular  diversity  takes  place  in  the  successive 
evolutions  of  organs:  whilst  some  are  predominant  at  one  time, 
they  fall  behind  others  at  a  previous  or  subsequent  period;  and 
such  changes  may  lay  the  foundation  for  morbid  affections,  at  one 
age  in  certain  organs,  which  do  not  prevail  at  another.  The 
ancients,  who  believed  that  great  mutations  occur  at  particular  in- 
tervals,—every  three,  seven,  or  nine  years,  for  example,  as  the 
particular  number  might  be  at  the  moment  in  favour, — compared 
these  periods  to  knots  uniting  the  diierent  stages  of  life,  and  giving 
the  economy  a  new  direction.  These  knots  they  called  the  eU- 
materic  or  climacteric  yearSj  and  they  conceived  the  body  to  be 
especially  liable  to  disease  at  the  periods  of  their  occurrence.  The 
majority  assigned  them  to  the  number  seven  and  its  multiples;  and 
ihe  fourteenth  and  twenty-first  years  especially,  were  conceived  to 
be  replete  with  danger.  Others  applied  the  term  climacteric  to 
ears  resulting  from  the  multiplication  of  seven  with  an  odd  num* 

r,  and  especially  with  nine:  the  sixty-third  year  being  by  almost 
all  regarded  as  the  grand  climacteric.  The  error,  with  the  an- 
eients,  lay,  in  considering  that  the  numbers  exerted  any  agency. 
EJvery  one  admits  the  influence  of  particular  evolutions  on  health; 
and  at  the  present  day,  the  word  climacteric  is  generally  restricted 
to  certain  periods  of  life,  at  which  great  changes  supervene,  inde- 
pendenUy  of  any  numerical  estimate  of  years; — such  as  the  period 
of  puberty  in  both  sexes;  that  of  the  cessation  of  the  menses,  or 
the  critical  time  of  life  in  the  female,  &c. 

Lastly,  it  need  hardly  be  remarked,  that  the  different  ages  we 
have  described,  instead  of  extending  through  the  protracted  period 
of  eighty-five  years  and  upwards,  may  be  varied  by  original  con- 
stitution, climate,  habits  of  life,  &c.  so  that  the  stages  may  be 
shorter  than  usual,  and  all  the  signs  of  decrepitude  occur  many 
years  earlier. 


£ 
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OP  SLEEP. 

The  difference  between  the  two  classes  of  animal  and  nutritive 
functions  is  strikingly  exhibited  in  the  phenomena  we  have  now 
to  consider*  Whilst  the  former  are  more  or  less  suspended,  the 
latter  continue  their  action  with  but  little  modification. 

The  functions  of  sensibility,  voluntary  motion,  and  expression, 
cannot  be  indulged  for  any  length  of  time,  without  fatigue  being 
induced,  and  a  necessity  existing  for  the  reparation  of  the  nervous 
energy  which  has  been  expended  during  their  action.  After  a 
time, — the  length  of  which  is  somewhat  influenced  by  habit, — the 
muscles  have  no  longer  power  to  contract,  or  the  external  senses 
to  receiye  impressions;  the  brain  ceases  to  appreciate;  mental  and 
moral  manifestations  are  no  longer  elicited;  and  the  whole  of  the 
functions  of  relation  become  torpid,  and  remain  in  this  state  until 
the  nervous  system  has  been  renovated,  and  adapted  for  the  repeti- 
tion of  those  functions,  which,  during  the  previous  waking  condi- 
tion, had  been  exhausted.  This  state  constitutes  5/ecp;  which,  con- 
sequently, may  be  defined — the  periodical  and  temporary  suspen- 
sion of  all  or  of  most  of  those  functions  that  connect  us  with  the 
universe.  The  suspension  occurs  in  these  functions  and  in  these 
only;  and  hence  the  consideration  of  sleep  in  many  physiological 
treatises  has  immediately  followed  that  of  the  functions  of  rela- 
tion. 

The  nutritive  functions  continue  regularly  in  action  from  the 
earliest  period  of  foetal  formation;  before  mental  manifestations 
exist  in  the  embryo,  and  during  sleep.  For  them  there  is  no  ces- 
sation, and  scarcely  any  declension  of  activity,  until  the  decadency 
of  the  frame  affects  them  along  with  the  whole  of  the  machinery. 
Sleep,  in  the  language  of  poetry,  has  been  compared  to  death;  and 
Dr.  OooD  has  stated  that  the  resemblance  between  them  is  not  less 
correct  upon  the  principles  of  physiology,  than  it  is  beautiful 
among  the  images  of  poetry.  ^'  Sleep  is  the  death  or  torpitude  of 
the  voluntary  or^ns,  while  the  involuntary  continue  their  accus- 
tomed actions.  I)eath  is  the  sleep  or  torpitude  of  the  whole." 
Physiologically  the  difference  appears  to  us  considerable.  Dur- 
ing the  whole  of  sleep  a  process  of  renovation  is  probably  going 
on  in  the  organs  of  animal  life,  which  adapts  them  for  subsequent 
activity,  and  contrasts  signally  with  the  state  of  annihilation  that 
constitutes  death;  hence  the  important  difference  between  healthy 
sleep,  and  the  state  of  coma,  induced  by  any  morbid  cause;  from 
which  the  patient  is  aroused  languid  and  exhausted,  instead  of  active 
and  recruited.  The  fcBtus  in  utero  is  also  described  by  some  as 
being  in  a  perpetual  sleep,  until  aroused  by  the  new  actions  estab- 
lished at  birth.     It  is  probable,  however,  that  there  are,  even  in 
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this  case,  something  like  alternations  of  aetiyity  and  suspension  in 
the  nenrous  functions.  We  hare  seen  elsewhere  that  they  are 
manifestly  more  or  less  exerted  during  intra-uterine  existence; 
nervous  energy  must  therefore  be  expended;  and  renoyation^— to 
a  much  less  extent,  it  is  true,  than  in  the  Aew-born  child, — be  ne- 
cessary. 

LiNNAUs,  under  the  term  somnus  plantarumy  expresses  a  pe- 
culiar state  in  the  constitution  of  many  plants  during  the  night, 
evinced  by  a  change  of  position, — generally  a  drooping  or  folding 
together  of  their  leaves  or  leaflets;  such  a  change  being  occasiooed 
by  the  withdrawal  of  the  stimulus  of  light,  and,  probably,  it  baa 
been  conceived,  constituting  a  state  of  rest  to  their  vital  functions; 
but  it  is  obvious  that  there  can  be  no  similitude  between  this  con- 
dition and  that  of  the  sleep  of  animals,  which  is  confined  to  the  fune^ 
tions  of  relation, — functions  that  do  not  even  exist  in  the  vegetable. 

The  approach  of  sleep  is  indicated  by  signs,  that  are  unequivo- 
cal, and  referable  to  the  encepbalon.  The  great  nervous  centre  of 
animal  life,  feeling  the  necessity  for  renovation,  an  internal  sensa- 
tion arises  in  it,  as  well  as  in  the  whole  of  the  nervous  system 
over  which  it  presides,  termed  aleepintss^  or  the  sen$aiiong  or 
toantf  or  desire  qf  sleep^  which,  provided  the  waking  stale  has 
been  protracted,  ultimately  becomes  irresistible,  and  will  draw  on 
sleep  m  spite  of  every  e£fort  to  the  contrary.  It  is  affirmed,  that 
boys,  exhausted  by  exertion,  dropped  asleep  amid  the  tumultuous 
noise  of  the  battle  of  the  Nile;  and  the  fatigued  soldier  has  been 
often  known  to  sleep  amid  discharges  of  artillery.  Noises  will  at 
first  prevent  sleep,  but  the  desire  is  ultimately  so  invincible,  that 
they  cease  to  produce  any  effect  In  the  noisy  inns  of  large  towns, 
where  the  perpetual  arrivals  and  departures  of  travellers  keep  up  aa 
incessant  din  and  confusion,  sleep  may  be^or  a  time  withheld,  but 
it  ultimately  supervenes,  although  the  tumult  may  be  even  teof 
fold;  and  if  the  noise  should,  from  any  cause,  suddenly  cease,  the 
individual  will  probably  awake.  It  is  reported  of  the  proprietor 
of  some  vast  iron-works,  who  slept  close  to  them,  notwithstanding 
the  noise  of  sledge-hammers,  forges  and  blast-furnaces,  that  he 
would  immediately  awake  if  any  interruption  Qccurr^  during 
the  night.  This  efiect  of  habit  is  seen  in  the  infant,  which  has 
been  accustomed  to  the  cradle.  The  moment  the  motion  and 
noise  of  the  cradle,  or  the  sound  of  the  nurse's  voice,^f  she  has 
been  in  the  custom  of  singing  the  child  to  sleep, — ceases,  it 
awakes. 

When  the  desire  for  sleep  sets  in  vigorously,  the  animal  functions 
become  more  obtuse|  until  they  progressively  fail  to  be  exerted. 
The  cessation  does  not  occur  in  all  simultaneously.  The  powerof 
volition  is  gradually  lost  over  the  muscles;  the  eyes  cannot  be  kept 
open;  the  upper  eyelid  falls,  and  if  we  attempt  to  raise  it  again,  it 
appears  to  be  weighed  down;  the  arms  fall  where  gravity  would 
take  them;  the  extensor  muscles  of  the  back,  deprived  of  volition, 
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tfta^  io  eottti*aet)  ant)  the  head  fallfl  aitddenly  forward,  occaaioning 
nodding  f  which  roaaea  the  brain  to  momentary  action,  to  be  again, 
however,  loat  If  the  indiridual  be  in  the  erect  attitude,  his  limbs 
bend  under  him;  and  if  in  the  sitting  posture,  the  head  gradually 
falls  upon  the  chest;  the  extensors  of  the  trunk  no  longer  contract 
witii  sufficient  force  to  obviate  its  tendency  to  fall  forwards;  and 
the  attitude,  unsupported,  can  no  longer  be  maintained.  The  same 
gradual  suspension  occurs  in  the  muscular  movements  concerned  in 
speech  and  in  the  production  of  the  voice,  which  becomes  feeble, 
confused,  broken  and  ultimately  lost  All  the  strictly  voluntary 
muscles  have,  in  short,  their  action  suspended,  if  we  except  the 
orbicularis  palpebrarum  muscle,  which,  according  to  Broussais, 
now  contracts  to  close  the  eye  and  shut  off  the  stimulus  of  light 

If  we  determine  to  resist  the  desire  fbr  sleep,  we  yawn  and 
stretch,  for  the  reasons  elsewhere  assigned,  and  endeavour  to  arouse 
the  functions  to  renewed  activity.  If  the  state  of  wakefulness  has 
not  been  long  protracted,  we  are  successful;  but  all  our  endeavours 
fkil,  if  the  nervous  system  be  -so  far  exhausted  as  to  render  repa- 
ration indispensable. 

From  the  commencement  of  sleepiness,  the  action  of  the  senses 
is  enfeebled,  and  gradually  suspended.  The  sight  yields  first,  the 
closure  of  the  eyelids  preventing  the  organ  from  being  impressed 
by  its  special  irritant.  The  smell  yields  after  the  taste;  the  hear- 
ing after  the  smell;  and,  lastly,  the  touch  sleeps;  although  the  spe- 
cial irritants  may  continue  to  reach  the  organs  of  these  senses.  All 
the  internal  sensations,  hunger,  thirst,  &c.,  as  well  as  the  morbid 
sensation  of  pain,  are  no  longer  appreciated.  The  intellectual 
and  moral  manifestations  exhibit,  fVom  the  commencement  of  the 
fSeelli^g  of  heaviness,  the  languor  which  pervades  the  frame.  The 
will  gradually  ceases  to  control  the  functions  that  are  under  its 
domain,  until  ultimately  the  power  of  volttidn  is  lost:  In  the  less 
perfect  kind  of  sleep,  or  in  slumbery  the  ideas  flit  in  a  disorderly 
manner,  constituting  a  kind  of  delirium;  but  when  sleep  is  complete 
the  whole  encephalic  organ  appears  to  be  at  rest,  and  f)erceptions 
are  no  longer  accomplished. 

The  special  irritants,  applied  to  the  external  senses,  excite  no 
sensation.  Many  physiologists  affirm  that  the  internal  functions 
of  nutrition  acquire  more  energy  during  sleep;  but  Broussais 
properly  disputes  the  affirmation,  and  maintains  that  the  want  of 
action  in  the  senses,  muscles,  •and  intellect,  must  necessarily  occa^ 
sion  diminished  energy  in  the  nutritive  functions.  During  sleep, 
circulation  and  respiration  appear  to  be  retarded;  perspiration  is 
less  active,  and  digestion  more  tardy  than  in  the  waking  condition. 
The  difference  in  the  last  respect  is  so  great,  that,  as  Broussais  re- 
marks, the  appetite  recurs  many  hours  before  the  usual  time 
where  long  watching  is  indulged,  and  an  additional  meal  becomes 
necessary;  proving  the  truth  of  the  old  French  proverb,— " yt^< 
dott  dine,'^    Secretion,  nutrition,  and  calorification  are  also  less 


408  8L1ISP. 

energetieallj  performed  thaa  uMaL  Absorpiiony  alone,  according 
to  some  ia  more  active ;  but  there  seems  not  to  be  sufficient  reason 
even  for  this  assertion.  This  notion  of  the  greater  activity  of  the 
nutritive  organs  is  as  old  as  Hippocratss,  and  has  been  ac* 
quiesced  in  hy  almost  all  subsequent  writers  without  examination^ 
especially  as  it  seemed  to  show  a  kind  of  alternation  and  equipoise 
between  the  respective  periods  of  activity  of  animal  and  organic 
life. 

During  sleep,  then,  all  the  animal  functions  are  suspended,  and 
the  body  generally  remains  in  a  state  of  semiflexion,  the  one  which, 
as  we  have  elsewhere  seen,  requires  little  natural  effort  To  this, 
however,  there  are  numerous  exceptions  depending  upon  habit. 
The  easiest  position  for  the  body  is  perhaps  on  the  back.  It  is  the 
one  assumed  in  extreme  debility,  when  the  prostration  is  so  great 
that  the  individual  sinks  down  in  the  bed  like  a  dead  weight;  but 
the  extensor  muscles  of  the  thigh  and  leg,  under  such  circum- 
stances, become  fatigued,  and  relief  is  obtained  by  drawing  the  feet 
upwards  so  as  to  elevate  the  knees.  This  is  a  common  attitude  ia 
the  most  debilitating  maladies,  and  is  often  maintained  until  within 
a  ^ort  time  prior  to  dissolution.  Sleep  can  persist  with  the  exer- 
cise of  certain  muscles.  Couriers,  on  long  journeys,  will  nap  oq 
horseback,  and  coachmen  on  their  boxes.  The  author  has  seen  a 
servant  boy  erect  and  asleep  in  the  intervals  between  the  demanda 
for  his  services  at  the  table. 

During  the  first  sleep,  the  suspension  of  the  animal  functions  is 
most  complete;  but,  towards  morning,  some  of  them  become  less 
asleep,  or  more  excitable  than  others.  The  intellectual  and  moral 
faculties  are  frequently  inordinately  active,  giving  occasion  to 
dreams,  which,  with  some  individuals,  occupy  a  great  portion  of 
the  period  allotted  to  rest  The  sense  of  tact,  too,  is  easily  roused. 
If  we  lie  in  a  position  which  is  dioaffreeable,  it  is  soon  changed; 
the  limbs  are  drawn  away  if  irritated  in  any  manner;  the  clothes 
are  pulled  up,  if  the  air  is  disagreeably  cold,  &c.  The  sense  of 
sight  and  tlje  voluntary  motions  are  least  readily  aroused,  so  that 
those  functions  which  fall  asleep  the  last  are  most  easily  awakened, 
and  they  gradually  resume  their  activity  in  the  order  in  which  they 
lost  it 

After  six  or  eight  hours  of  sleep, — more  or  less  according  to 
circumstances, — ^the  individual  awakes,  not  generally  at  once,  how- 
ever; a  state  of  slumber,  like  that  which  preceded  sleep,  now  suc- 
ceeding it  The  organs,  which  are  the  last  to  resume  their  acti- 
vity, require  to  be  excited  to  the  performance  of  their  functions. 
The  eyes  are  rubbed;  stretching  is  indulged,  which  recals  the 
nervous  influx  to  the  muscles;  whilst  sighing  and  yawning 
arouse  the  muscles  of  respiration,  and  compensate,  in  some  mea- 
sure, for  the  minor  degree  of  aeration  of  the  blood  accomplished 
during  sleep.  The  urine  is  discharged,  and  the  phlegm,  that 
may  have  collected  in  the  air  passages  expectorated :  these  ex- 
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cretiomi  have  aoeumnlited  during  ileep,  becaufe^  owbg  to  dimi- 
nished senflibility,  the  call  for  their  eracuation  has  not  been  at 
urgent  In  cases  of  catarrh^  accompanied  by  copious  mucous  secre* 
tion,  and  in  phthisis  pulmonalis,  the  fluid  will  collect  in  surprising 
quantity  in  the  air-passages  during  sleep^  and  it  is  expectorated  as 
soon  as  the  brain  is  sufficiently  aroused  to  respond  to  the  sensation. 

When  the  individual  is  fully  awake,  the  energy,  with  which  the 
animal  functions  are  exercised,  exhibits  that  the  nervous  system 
must  have  entirely  recruited  during  its  state  of  comparative  inac- 
tion.   The  period  of  sleep,  necessary  for  this  purpose,  varies  in 
different  individuals,  and  at  different  ages.     Some  require  eigbll 
or  ten  hours ;  others  not  more  than  three  or  four;  and  others  anei 
said  to  have  been  contented,  throughout  the  whole  course  of  al6ng 
life,  with  not  more  than  one  or  two.  Men  of  active  minds,  whose 
attention  is  eng^tged  in  a  series  of  interesting  employments,  sleep 
much  less  than  the  lazy  and  the  listless.    The  great  F&kdxxick  of 
Prussia,  and  the  yet  more  great  Napoleoh,  are  said  tahave  spent 
a  surprisingly  short  time  in  rest ;  but  with  respect  to  the  latter, 
the  fact  is  controverted  by  one,  who  had  the  best  opportunities 
for  observation.     It  is  probable,  however,  that  in  these  cases,  the 
sleep  is  more  intense,  and  that  such  of  the  animal  functions,  as  re- 
quire rest  indispensably,  are  completely  suspended  during  the 
whole  period  consigned  to  it    These  are  the  functions  of  volun- 
tary motion  more  particularly ;  the  intellectual  and  moral-  facul- 
ties requiring  a  much  shorter  period  of  repose,  as  is  manifest  by 
their  incessant  activity  during  dreaming,— a  condition  which,  with 
some,  continues  through  almost  the  whole  night    The  same  indi- 
vidual, too,  will  spend  a  shorter  time  in  sleep,  when  strongly  in- 
terested in  any  pursuit,  than  in  the  monotonous  occurrences  of  or- 
dinary life,  and  when  any  subject  occupies  us  intently,  it  will 
frequently  keep  us  awake  in  spite  of  ourselves ;  but,  although  the 
period  of  sleep  may  be  protracted  much  beyond  the  accustomed 
hour  by  unusual  excitation,  the  effect  of  the  stimulus  becomes  in- 
sufficient, and  sleep  comes  on  under  circumstances  which  appear 
most  unfavourable  to  it     The  lunatic  affords  us  a  wonderful  ex- 
ample of  powerful  resistance  to  sleep  and  fatigue,  or  rather  of  the 
short  period  which  is  necessary  for  the  renovation  of  the  nervous 
system,  kept  almost  incessantly  upon  the  stretch,  as  it  is  in  many 
of  these  distressing  cases. 

In  infancy  and  youth,  whilst  the  animal  functions  are  extremely 
active,  the  necessity  for  sleep  is  greatest;  in  mature  age,  where 
time  is  more  valued  and  the  cares  are  more  numerous,  it  is  less 
indulged;  whilst  the  aged  may  be  affected  in  two  opposite  ways; 
they  are  either  in  a  state  of  almost  constant  somnolency,  or  their 
sleep  is  short  and  light 

Sleep  has  been  regarded,  by  the  physiologist,  as  complete,  and  tn- 
complete.  The  former  is  characterized  by  suspension  of  all  the 
animal  functions;  a  state,  the  existence  of  which  has  been  doubted 
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by  many.  Certain  it  is,  that  it  can  occur  but  rarely,  as  aU  the  or* 
gana  must  have  stood  in  equal  need  of  rest  and  renovation ;  and 
none  have  preserved,  from  the  preceding  state  of  waking,  a  pecu- 
liar susceptibility  for  action.  The  nearest  approach  to  it  occurs  in 
the  first  hours  of  repose ;  but  after  this  it  becomes  incomplete; 
some  of  the  functions  are  not  equally  sound  asleep,  and  conse- 
quently respond  to  excitants  with  different  degrees  of  facility ; 
whilst  the  various  organs  do  not  require  the  same  time  for  repara- 
tion, and  therefore  awake  at  different  intervals;  hence  dreams 
arise,  which  occur  chiefly  towards  morning,  or  after  the  sleep  has 
become  incomplete;  that  is,  when  some  of  the  animal  functions  are 
more  or  less  actively^  but  irregularly,  exercised. 

Anciently,  dreams  were  regardeii  as  supernatural  phenomena, 
onder  the  control  of  the  children  of  Somnus  or  Sleep, — Mor- 
pheus, Phobbtor  or  Icbi.o9,  and  Phaktasos.  These  three  chil- 
dren, according  to  Ovid,  were  capable  of  transforming  themselves 
into  any  form;  the  employment  of  Morpheus  being,  to  counterfeit 
the  forms  of  men;  Phobbtor  imitated  the  likeness  of  brutes  and 
'  objects  of  terror;  and  Phantasos  that  of  inanimate  creatures. 

<*  MoBFHEus  of  aU  his  naro'rous  train  ezpress'd 
The  8ha|>e  of  man  and  imitated  best: 
The  wmllc,  the  words,  the  gesture  could  supply. 
The  habit  mimic  and  the  mien  belie; 
Plajs  well,  but  all  his  action  is  confin'd. 
Extending  not  beyond  our  human  kind. 
Another,  birds,  and  beasts,  and  dragons,  apes, 
And  dreadful  images  and  monster  shapes: 
This  demon  Icilos,  in  heaven's  high  hall 
The  gods  have  named,  but  men  PHOBrrom  call 
A  third  is  Pkaktisos,  whose  actions  roll 
On  meaner  thoughts,  and  things  devoid  of  soul: 
Earth,  fruits  and  Bowers,  he  represents  in  dreams, 
And  solid  rocks  unmov'd^  and  running  streams.'* 

Gabtb's  Ovid,  CMetam,  lib.  xi.  hb»  x.) 

For  a  long  time,  dreams  were  supposed  to  reveal  future  events 
by  types  and  figures;  as  when  Hecuba  dreamed  sbe  bad  conceived 
a  firebrand,  and  Casar  that  he  should  lie  with  his  mother;  which 
was  interpreted,  that  he  should  enjoy  the  empire  of  the  earth, — 
the  common  mother  of  all  living  creatures.  Oneiromancy  was, 
hence,  an  encouraged  art,  and  ministered  largely  to  the  credulity 
and  superstition  of  the  people.  Strange  to  say,  there  are  yet  those, 
who  look  upon  dreams  to  be  typical  and  instructive,  and  conse- 
quently supernatural!  Mr.  Baxter  dnd  Bishop  Newton  openly 
maintained  this  doctrine.  They  divide  dreams  into  two  kinds, — 
good  and  evil, — and  conceive  that  two  kinds  of  agents,  good  and  evil 
spirits,  are  concerned  in  their  production;  they  consequently  ac- 
count for  the  one  or  the  other  sort  of  dreams,  according  as  the  one 
or  the  other  kind  of  agents  obtains  a  predominancy!  It  is  not 
necessary  to  combat  these  views, — which  must,  of  course,  be  as 
applicable  to  animals  as  to^man^^specially  as  they  are  univer- 
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sally  discarded.  Dreaming  is  new  properly  considered  to  be  an  irre- 
gular action  of  the  brain,  in  which  the  great  controlling  power  of  the 
will  has  suspended  its  agency,  and  allowed  the  memory  and  imagina- 
tion unlimited  sway,  so  that  the  most  singular  and  heterogeneous  ideas 
are  formed, — still  kept,  however,  somewhat  in  train  by  the  force  of 
association.  At  times,  indeed,  this  influence  is  so  great,  that  every 
part  of  the  dream  appears  to  go  on  in  the  most  natural  and  con- 
sistent manner.  We  witness  the  scenes  that  have  occurred  during  our 
waking  hours;  and  we  seem  to  see,  hear,  walk,  talk,  and  perform 
all  the  ordinary  offices  of  life.  The  mind  reasons,  judges,  wills, 
and  experiences  all  the  various  emotions.  Generally,  the  whole 
process  is  confined  to  the  brain,  but,  at  times,  the  muscles 
are  thrown  into  action,  and  the  expression  of  the  feelings  and 
emotions  occurs,  as  in  the  waking  state.  The  dreamer  moves, 
speaks,  groans,  cries,  sings,  &c  and  if  the  dream  concerns  the  ge- 
nerative function,  the  external  organs  respond,  and  emission 
takes  place  in  the  male  to  such  an  extent,  occasionally,  as  to 
constitute  a  true  disease,  or  to  be  the  cause  of  such, — the 
paroniria  salax  of  Good,  the  gonorrhdsa  dormientium^  or  night 
pollution  of  others.  During  the  prevalence  of  a  passion,  too,  the 
nutritive  organs,  in  which  its  effects  are  experienced  whilst  awake, 
may  be  equally  concerned  during  sleep.  The  respiration  is 
short  and  interrupted,  and  sighs,  groans,  or  laughter,  according 
to  the  character  of  the  emotion,  are  elicited;  the  heart  beats  with 
more  or  less  violence,  and  this  state  of  excitement  will  often 
continue  after  the  individual  has  been  completely  aroused.  The 
nightmare,  ephialtes,  or  incubus,  affords  us  an  example  of  suf- 
fering^as  intense  as  could  well  be  experienced  during  our  waking 
moments.  A  sensation  of  distressing  weight  is  felt  at  the  epigas- 
trium, and  of  impossibility  of  motion,  speech  or  even  respiration: 
the  dreamer  fancies  that  some  horrible  form,  or  some  ferocious 
being  is  approaching  him,  and  that  all  chance  of  escape  is  precluded; 
or  that  he  is  about  to  fall,  or  is  falling,  from  a  lofty  precipice; 
and  the  anguish  which  he  suffers  is  indicated  by  loud  groans,  or 
by  such  painful  feelings,  apparently  in  the  organs  to  which  the 
emotions  are  referred,  that  he  wakes.  The  ideas  at  these  times 
are  even  more  vivid  than  during  the  waking  condition;  the 
perceptions  that  predominate  not  being  detracted  from  by  extra- 
neous impressions. 

On  many  of  these  occasions,  when  we  awake,  the  dream  is 
firesh  upon  the  memory;  and,  by  resigning  ourselves  again  to 
slumber,  we  can  recal  it,  should  it  be  of  an  agreeable  character,  or 
dispel  it  altogether  by  rousing  ourselves  thoroughly. 

On  account  of  the  greater  vividness  of  the  ideas  during  sleep, 
and  their  freedom  from  all  distraction,  intellectual  operations  are 
sometimes  effected  in  a  surprising  manner;  difficulties  being  occa- 
sionally solved,  which  have  obtained  the  mastery  during  waking. 
To  a  minor  degree,  ettrj  one  must  have  experienced  more  or  less 
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of  this.  CompoMtion,  poetical  or  other,  if  often  effected  with  the 
greatest  facility;  and  a  clue  is  occasionally  afforded  which  leads  to 
the  solution  of  prerious  difficulties.  Cardan  had  a  notion  that  be 
composed  one  of  his  works  during  sleep.  Condiixac,  who  at- 
lended  greatly  to  this  matter,  remarked  particularly  that  whilst 
engaged  with  his  *^  Cours  (PEtud^*  he  frequently  broke  off  a 
sui^ct,  before  retiring  to  rest,  which  he  developed  and  finished 
the  next  morning  according  to  his  dreams.  Condorcet  saw  in 
his  dreams  the  final  steps  of  a  difficult  calculation,  which  had 
puzzled  him  during  the  day;  and  Dr.  Gregort,  of  Edinburgh, 
composed  thoughts,  and  clothed  them  in  words  which  were  so  just 
in  point  of  reasoning,  and  so  good  in  point  of  language,  that  he 
used  them  in  his  lectures,  and  in  his  written  lucubrations.  Vol- 
taire, Lavontaine,  Franklin,  Coleridge,  and  others,  have 
made  similar  remarks;  and  events  of  the  kind  must  have  occurred, 
in  some  shape,  to  almost  every  one.  Dr.  Good  relates  a  singular 
instance  which  happened  to  a  friend  of  his,  who,  amongst  other 
branches  of  science,  had  deeply  cultivated  that  of  music,  of  which 
he  was  passionately  fond.  He  was  a  man  of  irritable  temperament, 
ardent  mind,  and  most  active  and  brilliant  imagination;  and  ^  was 
hence,''  says  Dr.  Good,  ^'  prepared  by  nature  for  energetic  and 
vivid  ideas  in  his  dreams."  On  one  occasion,  during  his  sleep, 
he  composed  a  very  beautiful  little  ode,  of  about  six  stanzas,  and 
set  the  same  to  very  agreeable  music,  the  impression  of  which  was 
so  firmly  fixed  in  his  memory,  that,  on  rising  in  the  morning,  he 
copied  from  his  recollection  both  the  music  and  the  poetry. 

In  these  cases  the  will  must  direct,  more  or  less,  the  intellectual 
process.  It  is  scarcely  conceivable  that  the  train  of  reasoning 
could  go  on  so  connectedly  and  effectively  by  association  alone. 
That  the  will  can,  in  some  degree,  be  kept  awake,  or  in  a  condi- 
tion susceptible  of  being  readily  aroused,  is  shown  by  the  facility 
with  which  we  awake  at  a  determined  hour,  and  exercise  a  degree 
of  watchfulness  during  sleep;  as  well  as  by  the  facts,  previously 
mentioned,  regarding  the  courier  who  sleeps  on  his  horse,  or  the 
coachman  on  his  box. 

There  is  a  kind  of  dreaming,  in  which  the  sleep  is  more  com- 
plete than  during  ordinary  dreams;  where  the  body  has,  conse- 
quently, less  capability  of  receiving  impressions,  but  where  the 
will  has  a  certain  tiegree  of  power  over  the  muscles  of  voluntary 
motion.  This  is  somnambulism^  or  sleep  walking.  During  the 
continuance  of  this  state,  the  individual  can  apparently  see,  hear, 
walk,  write,  paint,  speak,  taste,  smell,  &c.  and  perform  his  usual 
avocations,  yet  remain  so  soundly  asleep  that  it  is  impossible  to 
awake  him  without  making  use  of  violence.  Gases  are  on  record, 
and  of  an  authentic  nature,  of  individuals  who  have  risen  from  bed 
asleep,  with  their  eyes  closed,  and  have  not  only  walked  about  die 
room  or  house,  going  up  or  down  stairs,  finding  their  way  readily 
and  avoiding  obstacles,  biit  have  passed  with  wety  through  very 
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dangerous  places^  as  windows,  or  on  the  roofs  of  houses.  They 
have  executed,  too,  yet  more  difficult  feats;  such  as  dressing 
themselves,  going  out  of  doors,  lighting  a  fire,  bathing,  saddling 
and  bridling  a  horse,  riding,  composing  verses,  &c.  and  executing 
all  the  actions  of  life  correctly,  and  even  acutely;  yet  they 
have  been  asleep  during  the  whole  of  these  acts.  The  eyes  have 
been  shut,  or  if  open,  have  been  incapable  of  perceiving  the 
brightest  light  held  before  them;  and  the  iris  has  not  exhibited  its 
irritability  by  contracting,  so  that  it  is  doubtful  whether  the  ordi- 
nary functions  of  the  eyes  are  generally  executed  during  somnam- 
bulism; and  the  fact,  of  the  serious  accidents  that  occasionally  befal 
the  sleep  walker,  is  in  favour  of  this  conclusion.  It  must  be  re- 
marked, however,  that  in  the  opinion  of  some  physiologists  the 
sight  is  awake  and  emplo3red,  and  there  are  cases  which  strongly 
favour  the  idea. 

The  peculiarity  of  somnambulism  is,  that  the  train  of  thoughts 
is  always  directed  towards  one  point,  and  this  so  profoundly,  that 
notwithstanding  the  activity  of  the  imagination,  and  the  firm  hold 
it  takes  on  the  mind,  no  recollection  is  retained  of  the  occurrences 
during  sleep,  after  the  individual  awakes,  either  spontaneously,  or 
by  being  forcibly  aroused. 

The  causes  of  imperfect  or  incomplete  sleep,  and  hence  of 
dreams,  are  various.  The  fact,  already  referred  to,  of  the  difierent 
organs  of  the  animal  functions  having  their  distinct  periods  of 
waking  and  rest,  would  induce  us  to  suppose,  that  it  ought  not  to  be 
always  equally  profound  and  durable:  yet  there  are  individuals  whose 
sleep  is  nearly  complete  throughout;  but  they  are  not  many.  The 
previous  occupation  of  the  sleeper  exerts  great  influence.  If  it  has 
oeen  of  a  fatiguing  nature,  all  the  faculties  rest  equally  long  and 
soundly;  but  if  the  fatigue  extends  beyond  the  due  point,  a  degree 
of  excitability  of  the  brain  is  left  which  renders  it  extremely  lia- 
ble to  be  aroused.  In  this  way  we  understand,  why  dreams  should 
bear  upon  subjects  that  have  long  occupied  the  mind  in  its  waking 
state;  the  tension  of  the  mind  by  those  subjects  having  left  consi- 
derable excitability,  as  respects  them,  and  a  disposition  to  resume 
them  under  the  slightest  irritation. 

The  presence  or  absence  of  irritants— external  or  internal— ex- 
erts likewise  a  great  effect  on  the  soundness  of  sleep,  and  the  for- 
nation  of  dreams.  The  stillness  of  night  and  the  absence  of  light 
are  hence  favourable  to  repose:  the  position,  too,  must  be  one  de- 
void  of  constraint;  and  the  couch  soft  and  equable,  and  especially 
such  as  the  individual  has  been  accustomed  to  use.  Sleep  is  im- 
practicable in  a  badly-made  bed;  and  every  one  must  have  experi- 
enced the  anti-soporific  influence  of  a  strange  bed,  the  arrangement 
of  which,  as  to  quantity,  pillows,  &c.  differs  from  that  to  which 
he  has  been  habituated.  It  is  not,  however,  by  external  irritants 
that  the  sleep  is  usually  disturbed.  The  state  of  the  system  itself 
will  react  upon  the  brain,  and  give  occasion  to  broken  sleep,  and  to 
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dretms  of  the  roost  turbalent  chartcter.  IrritttioDSy  existing  in  the 
viscera,  are  frequently  the  caase  of  dreams, — in  children  more  es- 
pecially; and  a  hearty  supper,  especially  if  of  materials  difficult  of 
digestion,  will  bring  on  the  whole  train  of  symptoms  that  cha- 
racterize nightmare.  In  like  manner,  any  thing  that  impedes  the 
action  of  the  functions  of  respiration,  circulation,  &c.  may  occasion 
the  wildest  phantasies. 

All  these  internal  impressions  are  more  vividly  perceived  for 
the  reasons  already  stated.  The  nervous  system  is  no  longer  ex- 
cited by  the  ordinary  impressions  from  the  external  senses;  and  if 
these  internal  impressions  are  insufficient  to  prevent  sleep  alto- 
gether, they  may  excite  dreams. 

During  this  incomplete  kind  of  sleep,  the  external  sensations  are 
not  wholly  at  rest;  particularly  that  of  touch  or  tact,  which,  as  it  is 
the  last  to  sleep,  is  the  first  to  awake.  Impressions  made  on  it  will 
excite  the  most  exaggerated  representations  in  the  brain,  in  the  shape 
of  dreams.  The  bite  of  a  flea  appeared  to  Descartes  the  puncture  of 
a  sword:  an  uneasy  position  of  the  neck  will  excite  the  idea  of  stran- 
gulation: a  loaded  stomach  will  cause  the  sleeper  to  feel  as  if  a 
heavy  weight, — a  house,  or  a  castle,  or  some  powerful  monster,— > 
were  on  his  stomach.  Moreau  de  la  Sarthe  gives  the  case  of  a 
young  female,  who,  from  the  application  of  her  cold  hand  against 
her  breast,  when  asleep,  dreamed  that  a  robber  had  entered  her 
apartment  and  had  seized  hold  of  her.     Galen  dreamed  that  be 
had  a  stone  leg,  and,  on  waking,  found  that  his  own  was  struck 
with  paralysis.     Mr.  Dugald  Stewart  gives  a  similar  case,  to 
show  how  an  impression  made  upon  the  body,  during  sleep,  may 
call  up  a  train  of  associated  ideas,  and  thus  produce  a  dream.    A 
gentleman,  (Dr.  Gregort,)  who,  during  his  travels,  had  ascended 
a  volcano,  having  occasion,  in  consequence  ot  indisposition,  to  ap- 
ply a  bottle  of  hot  water  to  his  feet  when  he  went  to  bed,  dreamed 
that  he  was  makins  a  journey  to  the  top  of  Mount  ^tna,  and  that 
he  found  the  heat  of  the  ground  almost  insupportable.  Sir  Walter 
Scott  mentions  an  analogous  instance,  which  was  told  him  by  the 
nobleman  concerned.  He  had  fallen  asleep,  with  some  uneasy  feel- 
ings arising  from  indigestion,  which  brought  on  the  usual  train  of 
visionary  terrors.  At  length,  they  were  all  summed  up  in  the  ap- 
prehension that  the  phantom  of  a  dead  man  held  the  sleeper  by 
the  wrist,  and  endeavoured  to  drag  him  out  of  bed.    He  awoke  in 
horror,  and  still  felt  the  cold,  dead,  grasp  of  a  corpse's  hand  on  his 
wrist     It  was  a  minute  before  he  discovered  that  his  own  left 
hand  was  in  a  state  of  numbness,  and  with  it  he  had  accidentally 
encircled  his  right  arm. 

If,  again,  the  organ  of  hearing  be  wakeful,  the  dreamer  may  hear 
an  individual  spei^  to  him  and  may  reply;  so  that  occasionally  se- 
cret thoughts  and  feelings  have  been  elicited.  The  author  has  him- 
self replied  several  times  connectedly  in  this  manner;  and  he  has 
been  able  to  lead  on  others^  especidly  children, — ^whose  sleep  is 
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often  interrupted  by  the  existence  of  irregular  internal  impreasiona^ 
— to  answer  a  few  times  in  the  same  manner. 

In  the  explanation  of  the  cause  of  dreaming,  we  have  the  most 
plausible  application  of  the  theory  of  Gall  regarding  the  plurality 
of  organs  in  the  brain.  Every  explanation,  indeed,  takes  for  grant- 
ed, that  certain  faculties  are  suspended  whilst  others  are  active. 
Gall's  view  is,  that,  during  sleep,  particular  organs  of  animal  life 
enter  into  activity;  and  hence,  that  the  perceptions  and  ideas  which 
depend  on  these  organs  awake;  but  in  such  case  their  activity  takes 
place  without  any  influence  of  the  will; — that  when  one  organ 

'  only  is  in  activity,  the  dream  is  simple; — the  dreamer  caresses  the 
object  of  his  afiection;  he  hears  melodious  music,  or  fights  his  ene- 
mies, according  as  this  or  that  organ  is  exercising  its  functions: — 
that  the  greater  the  number  of  oi^ns  in  activity  at  the  same  time, 
the  more  confused  or  complicated  will  be  the  dream,  and  the 
greater  the  number  of  extravagancies:  that,  when  the  organs  are 
exhausted  by  watching  and  labour,  we  generally  do  not  dream 
during  the  first  hours  of  sleep,  unless  the  brain  is  extremely  irri- 
table; but,  in  proportion  as  the  organs  get  rid  of  their  fatigue,  they 
are  more  disposed  to  enter  into  activity,  and  hence,  near  the  time 
ibr  waking,  we  dream  more  and  with  greater  vivacity.  '^  Dream- 
ing, consequently,''  he  concludes,  '^  is  only  a  state  of  partial  wak- 
ing of  animal  life ;  or,  in  other  words,  an  involuntary  activity  of 
certain  organs,  whilst  others  are  resting." 

In  many  respects,  the  state  of  the  mind,  during  dreaming,  re- 
sembles that  in  the  delirium  of  fever,  as  well  as  in  insanity.  The 
imagination  and  memory  may  be  acting  with  unusual  vivacity, 
whilst  the  perceptions  or  the  judgment  may  be  most  erroneous; — 
at  times  the  perception  being  accurate  and  the  judgment  suspend- 
ed, so  that  the  individual  will  be  most  incoherent ;  whilst,  at  others, 
the  perceptions  may  be  inaccurate  and  the  judgment  right,  so  that 
the  individual  will  reason  correctly  from  false  premises.  As  in 
dreams,  too,  the  delirious  may  have  their  ravings  modified  by  im- 

.  pressions  made  on  the  external  senses.  Sir  Walter  Scott  cites 
the  case  of  a  lunatic  confined  in  the  infirmary  of  Edinburgh,  whose 
malady  had  assumed  a  gay  turn.  The  house,  in  his  idea,  was  his 
own,  and  he  contrived  to  account  for  all  that  seemed  inconsistent 
with  his  in^aginary  right  of  property ; — there  were  many  patients 
in  it,  but  that  was  owing  to  the  benevolence  of  his  nature,  which 
made  him  love  to  relieve  distress.  He  went  little,  or  rather  never 
abroad, — but  then  his  habits  were  of  a  domestic  and  rather  seden- 
tary character.  He  did  not  see  much  company,  but  he  daily  re- 
ceived visits  from  the  first  characters  in  the  celebrated  medical 
school  of  the  city,  and  he  could  not,  therefore,  be  much  in  want 
of  society.  With  so  many  supposed  comforts  around  him,  with 
so  many  visions  of  wealth  and  splendour,  one  thing  alone  disturb- 
ed his  peace.  ^'  He  was  curious,''  he  said,  <'  in  his  table,  choice 
in  his  selection  of  cooks,  had  every  day  a  dinner  of  three  regular 
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cQuraes  and  a  dessert,  and  yet  somehow  or  other,  every  thing  he 
ate  tasted  of  porridge."  The  cause  of  this  was,  that  tiie  lunatic 
actually  ate  nothing  but  this  at  any  of  his  meals ;  and  the  impres- 
Mon  made  upon  his  palate  was  so  strong  as  to  modify  his  delusion. 

Nearly  allied  to  dreams  in  its  physiology,  or  more  properly, 
perhaps,  pathology,  is  the  subject  of  hallticinationSy  illusions^  or 
waking  dreams^  in  which  the  mind  may  be  completely  sound, 
and  yet  the  cerebral  or  percipient  part  of  the  brain,  concerned  in 
the  senses,  be  so  deranged  as  to  call  up  a  series  of  perceptions  of 
objects  which  have  no  existence  except  in  the  imagination.  Such 
hallucinations  are  constant  concomitants  of  insanity,  delirium,  and 
dreaming ;  but  they  may  occur  also  when  the  individual  is  wide 
awake,  and  in  the  full  possession  of  his  reasoning  powers;  he  may 
see  the  phantasm,  but  at  the  same  time  totally  disbelieve  in  the 
existence  of  any  extraneous  body.  The  most  common  illusions  of 
this  kind  affect  the  senses  of  sight  and  hearing. 

It  has  fallen  to  the  lot  of  the  author  to  meet  with  some  singular 
and  serious  cases  of  this  affection ;  where,  for  example,  the  indivi- 
dual, wide  awake,  has  heard  the  doors  of  his  house  violently 
slammed,  his  windows  thrown  up  and  down,  the  bells  set  a  ring- 
ing, himself  subjected  to  personal  violence ;  yet  there  has  been  do 
slamming  of  doors,  no  throwing  up  and  down  of  windows,  no 
ringing  of  bells,  no  personal  violence ;  the  whole  has  been  an  illu- 
sion, a  waking  dream,  and  of  this  no  one  has  been  more  entirely 
aware  than  the  sufferer  himself. 

One  of  the  most  impressive  cases  of  this  kind  is  that  of 
NicoLAi,  the  eminent  bookseller  of  Berlin,  which  has  been  detail- 
ed \}y  Dr.  Febriar,  and  by  Dr.  Haslah,  in  his  **  Medical  Jtiris- 
prudence^  as  it  relates  to  Ifisanity,^' — a  tract,  reprinted  in  this 
country,  along  with  others,  by  Dr.  Cooper.  Nicolai  laid  his 
case  before  the  Philosophical  Society  of  Berlin.  He  traced  his 
indisposition,  for  it  was  manifestly  such,  to  a  series  of  disagreeable 
incidents  that  had  befallen  him.  The  depression,  thus  induced, 
was  aided  by  the  consequences  of  neglecting  a  course  of  periodical 
bleeding  to  which  he  had  accustomed  himself.  This  state  of  health 
brought  on  a  disposition  to  spectral  illusions,  and,  for  a  time,  he 
was  regularly  haunted  by  crowds  of  persons  entering  his  apart- 
ment, and  addressing  him  or  occupied  solely  in  their  own  pursuits, 
until  as  his  health  was  restored,  they  gradually  disappeared,  and 
ultimately  left  him  entirely.  Yet  Nicolai,  who  was  a  man  of 
unusually  strong  intellect,  was  throughout  satisfied,  that  they  were 
mere  hallucinations. 

The  cases  of  this  kind,  now  on  record,  are  many  and  curioos. 
Every  one  engaged  in  extensive  practice,  or  in  frequent  cominu- 
nion  with  the  world,  must  have  seen  or  heard  of  them.  There  are 
none,  however,  which  strike  us  as  more  extraordinary, and  which  are 
at  the  same  time  more  elucidative  of  the  subject,  than  the  two  follow- 
ing,related  by  Sir  Walter  Scott.  Thefirstof  these  was  frequently 
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related  in  society,  and  in  the  class-room,  by  an- old  preceptor  of 
the  author,  the  late  truly  learned  and  accomplished  Dr.  Jamss 
Greoory  of  Edinburgh. 

A  patient  of  Dr.  Oreoort,  a  person  of  some  rank,  having  re* 
quested  the  doctor's  advice,  made  the  following  singular  statement 
of  his  complaint  ^^I  am  in  the  habit  of  dining  at  five,  and,  ex- 
actly as  the  hour  of  six  arrives,  I  am  subjected  to  the  following 
painful  visitation.  The  door  of  the  room,  even  when  I  have  been 
weak  enough  to  bolt  it,  which*  I  have  sometimes  done,  flies  wide 
open ;  an  old  hag,  like  one  of  those  who  haunted  the  heath  of 
Forres,  enters  with  a  frowning  and  incensed  countenance,  comes 
straight  up  to  me  with  every  demonstration  of  spite  and  indigna- 
tion, which  could  characterize  her  who  haunted  the  merchant 
Abudah,  in  the  oriental  tale ;  she  rushes  upon  me,  says  something, 
but  so  hastily  that  I  cannot  discover  the  purport,  and  then""  strikes 
me  a  severe  blow  with  her  staff.  I  fall  from  my  chair  in  a  swoon, 
which  is  of  longer  or  shorter  endurance.  To  the  recurrence  of 
this  apparition  I  am  daily  subjected;  and  such  is  my  new  and  sin- 
gular complaint''  The  doctor  asked,  whether  his  patient  had  in- 
vited any  one  to  sit  with  him  when  he  expected  such  a  visitation. 
He  was  answered  in  the  negative.  The  nature  of  the  complaint 
was  so  singular;  it  was  so  likely  to  be  imputed  to  fancy,  or  even 
to  mental  derangement,  that  he  shrunk  from  communicating  the 
circumstance  to  any  one.  **  Then,"  said  the  doctor,  **  with  your 
permission,  I  will  dine  with  you  to-day,  tite-a-titey  and  we  will 
see  if  your  malignant  old  woman  will  venture  to  join  our  com- 
pany." The  patient  accepted  the  proposal  with  hope  and  gratitude,, 
having  expected  ridicule  rather  than  sympathy.  They  met  at  din- 
ner, and  Dr.  Gregory,  who  suspected  some  nervous  disorder, 
exerted  his  brilliant  powers  of  conversation  to  keep  the  attention 
of  his  host  engaged,  and  prevent  him  from  thinking  of  the  ap- 
proach of  the  fated  hour  to  which  he  was  accustomed  to  look  for- 
ward with  so  much  terror.  He  succeeded  in  his  purpose  better 
than  he  had  expected.  The  hour  of  six  came  almost  unnoticed, 
and,  it  was  hoped,  might  pass  by  without  any  evil  consequence. 
But  scarcely  had  it  struck,  when  the  gentleman  exclaimed,  in  an 
alarn^d  voice, — ^^'the  hag  comes  again,"  and  dropped  back  in  his 
chair  in  a  swoon,  in  the  manner  he  had  described.  The  doctor  had 
him  bled,  and  satisfied  himself  that  the  periodical  illusions  arose 
from  a  tendency  to  apoplexy. 

The  second  case  is  even  more  extraordinary.  It  was  related  by 
the  medical  gentleman  under  whose  care  it  fell,  and  of  whom  <^I 
can  only  say,"  says  Sir  Walter,  "  that  if  I  found  myself  at  liberty 
to  name  him,  the  rank,  which  he  holds  in  his  profession,  as  well 
as  his  attainments  in  science  and  philosophy,  form  an  undisputed 
claim  to  the  most  implicit  credit." 

This  gentleman  was  called  in  to  attend  the  illness  of  a  person, 
who  stood  high  in  a  particular  department  of  the  law,  which  often 
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plaoed  the  property  of  others  subject  to  his  dlscretioii  and  control^ 
and  whose  conduct  was  therefore  open  to  public  observation.  He 
had,  for  years,  borne  the  character  of  a  man  of  unusual  steadiness, 
good  sense,  and  integrity.  He  was,  at  the  time  of  the  physician's 
visit,  confined  chiefly  to  his  chamber,  sometimes  to  his  bed;  yet 
occasionally  attending  to  business,  and  exerting  his  mind,  appa- 
rently with  all  its  usual  strength  and  energy,  in  the  management 
of  the  weighty  matters  entrusted  to  him;  nor  did  there,  to  a  su- 
perficial observer,  appear  any  thing  in  his  conduct,  while  so  en- 
gaged, that  could  argue  vacillation  of  intellect  or  depression  of 
mind.  His  outward  symptoms  indicated  no  acute  or  alarming  dis- 
ease; but  slowness  of  pulse,  absence  of  appetite,  difficulty  of  di- 
gestion, and  constant  depression  of  spirits  seemed  to  draw  their 
origin  from  some  hidden  cause,  which  the  patient  was  determined 
to  conceal.  The  deep  gloom,  the  embarrassment  which  he  could 
not  conceal  from  his  friendly  physician,  the  brevity  and  obvious 
constraint  with  which  he  replied  to  the  interrogatories  of  that  gen- 
tleman, induced  him  to  take  other  methods  for  attaining  correct 
information.  He  applied  to  the  suflFerer's  family,  to  learn,  if  pos- 
sible, the  source  of  that  secret  grief  which  was  evidently  corrod- 
ing him ;  yet  not  the  slightest  clue  could  be  discovered.  He  had 
finally  recourse  to  serious  argument  with  the  invalid  himself, 
urging  to  him  the  folly  of  devoting  himself  to  a  lingering  and  me- 
lancholy death,  rather  than  tell  the  subject  of  affliction,  which  was 
thus  wasting  him: — 

*<  There's  matter  in  these  nghs:  these  profound  heares 
Tou  must  trmnsUte:  'tis  fit  we  understand  them." 

He  specially  pressed  upon  him  the  injury  he  was  doing  his  own 
character,  by  sufiering  it  to  be  inferred,  that  the  secret  cause  of 
his  dejection  and  its  consequences  was  something  too  scandalous 
or  flagitious  to  be  made  known;  bequeathing,  in  this  manner,  to 
his  family,  a  suspected  and  dishonoured  name,  and  leaving  a  me- 
mory, with  which  might  be  associated  the  idea  of  guilt,  which  the 
criminal  had  died  without  confessing.  The  patient,  moved  more 
by  this  species  of  appeal  than  by  any  that  had  been  previously 
urged,  expressed  his  desire  to  speak  out  frankly  to  the  doctor. 
Every  on^  else  was  removed,  and  the  door  of  the  sick-room  made 
secure,  when  he  began  his  confession  as  follows: — ^^  You  cannot, 
my  dear  friend,  be  more  conscious  than  I,  that  I  am  in  the  course 
of  dying  under  the  oppression  of  the  fatal  disease  which  consumes 
my  vital  powers;  but  neither  can  you  understand  the  nature  of  my 
complaint,  and  manner  in  which  it  acts  upon  me,  nor  if  you  did, 
I  fear,  could  your  zeal  and  skill  avail  to  rid  me  of  it''  ^'It  is 
possible,"  said  the  physician,  ^Uhat  my  skill  may  not  equal  my 
wish  of  serving  you :  yet  medical  science  has  many  resources,  of 
which  those,  unacquainted  with  its  powers,  never  can  form  an  es* 
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timate.  But,  until  you  plainly  tell  me  your  symptoms  of  com- 
plaint, it  is  impossible  for  either  of  us  to  say,  what  may  or  may 
not  be  in  my  power,  or  within  that  of  medicine."  ^'I  may  answer 
you,"  replied  the  patient,  ^*  that  my  case  is  not  a  singular  one, 
since  we  read  of  it  in  the  famous  novel  of  Le  Sags.  You  remem- 
ber, doubtless,  the  disease  of  which  the  Duke  D'Olivarez  is  there 
stated  to  have  died?"  <'0f  the  idea,"  replied  the  doctor,  ^' that  he 
was  haunted  by  an  apparition,  to  the  actual  existence  of  which  he 
gave  no  credit,  but  died,  nevertheless,  because  he  was  overcome 
and  heart-broken  by  its  imaginary  presence.''  ^^I,  my  dearest 
doctor,"  said  the  sick  man,  << am  in  that  very  case;  and  so  pain- 
ful and  abhorrent  is  the  presence  of  the  persecuting  vision,  that 
my  reason  is  totally  inadequate  to  combat  the  effects  of  my  morbid 
imagination,  and  I  am  sensible  I  am  dying  a  wasted  victim  to  an 
imaginary  disease."  The  medical  gentleman  listened  attentively 
to  his  patient's  statement,  and  avoiding,  for  the  time,  any  opposi- 
tion to  the  sick  man's  preconceived  fancy,  contented  himself  with 
a  more  minute  inquiry  into  the  nature  of  the  apparition  with  which 
he  conceived  himself  haunted,  and  into  the  history  of  the  mode  by 
which  so  singular  a  disease  had  obtained  the  mastery  of  his  imagi- 
nation, secured,  as  it  seemed  to  be,  against  so  irregular  an  attack 
by  strong  intellectual  powers.  The  patient  replied,  that  its  ad- 
vances had  been  gradual,  and  at  first  not  of  a  terrible  or  even  dis- 
agreeable character.  To  illustrate  this  he  gave  the  following  ac- 
count of  its  progress. 

<^My  visions  commenced  two  or  three  years  since,  when  I 
found  myself,  from  time  to  time,  embarrassed  by  the  presence  of 
a  large  cat,*  wl}ich  came  and  disappeared  I  could  not  exactly  tell 
how,  till  the  truth  was  finally  forced  upon  me,  and  I  was  com- 
pelled to  regard  it  as  no  domestic  household  cat,  but  as  a  bubble 
of  the  elements  which  had  no  existence  save  in  my  deranged 
visual  organs  or  depraved  imagination.  Still  I  had  not  that  positive 
objection  to  the  animal,  entertained  by  a  late  galjant  Highland 
chieftain,  who  has  been  seen  to  change  to  all  the  colours  of  his 
own  plaid,  if  a  cat  happened  by  accident  to  be  in  the  room  with 
him,  even  though  he  did  not  see  it  On  the  contrary,  I  am  rather 
a  friend  to  cats,  and  endured  with  so  much  equanimity  the  pre- 
sence of  my  imaginary  attendant  that  it  had  become  almost  in- 
different to  me;  when,  within  the  course  of  a  few  months,  it  gave 
place  to,  or  was  succeeded  by,  a  spectre  of  &  more  important  sort^ 
or  which  at  least  had  a  more  imposing  appearance.  This  was  no 
other  than  the  apparition  of  a  gentleman-usher,  dressed  as  if  to 
wait  upon  a  lord-lieutenant  of  Ireland,  a  lord  high  commissioner 
of  the  Kirk,  or  any  other  who  bears  on  his  brow  the  rank  and 
stamp  of  delegated  sovereignty.    This  personage,  arrayed  in  a 

*  It  if  ungaltt  that  this  uiiinal  has  played  a  part  in  most  of  the  cases  of  hallu- 
cinatioa  that  have  attracted  the  anthor^a  attentbn. 
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court  dreBBf  with  bag  and  sword,  tamboured  waistcoat,  and  cht* 
peau-bras,  glided  beside  me  like  the  ghost  of  Beau  Nash;  and 
whether  in  my  house  or  in  another,  ascended  the  stairs  before  me, 
as  if  to  announce  me  in  the  drawing-room ;  and  sometimes  ap- 
peared to  mingle  with  the  company,  though  it  was  su£Bciently  evi- 
dent, that  they  were  not  aware  of  his  presence,  and  that  I  alone 
was  sensible  of  the  visionary  honours  which  this  imaginary  being 
seemed  desirous  to  render  me.  This  freak  of  the  fancy  did  not 
produce  much  impression  upon  me,  though  it  led  me  to  entertain 
doubts  on  the  nature  of  my  disorder,  and  alarm  for  the  effect  it 
might  produce  upon  my  intellects.  But  that  modification  of  my 
disease  had  likewise  its  appointed  duration.  After  a  few  months, 
the  phantom  of  the  gentleman-usher  was  seen  no  more,  but  was 
succeeded  by  one,  horrible  to  the  sight,  and  distressing  to  the 
imagination,  being  no  other  than  the  image  of  death  itself — the 
apparition  of  a  skeleton.  Alone  or  in  company,  the  presence  of 
this  phantom  never  quits  me.  I,  in  vain,  tell  myself  a  hundred 
times  over  that  it  is  no  reality,  but  merely  an  image  summoned  op 
by  the  morbid  acuteness  of  my  own  excited  imagination,  and  de- 
ranged organs  of  sight  But  what  avail  such  reflections,  while  the 
emblem  at  once  and  presage  of  mortality  is  before  my  eyes,  and 
while  I  feel  myself,  though  in  fancy  only,  the  companion  of  a 
phantom,  representing  a  ghastly  inhabitant  of  the  grave,  even 
while  I  yet  breathe  on  the  earth?    Science,  philosophy^  even  reli- 

fion,  has  no  cure  for  such  a  disorder;  and  I  feel  too  surely,  that 
shall  die  the  victim  to  so  melancholy  a  disease,  although  I  have 
oo  belief  whatever  in  the  reality  of  the  phantom  which  it  places 
before  me.'' 

The  physician  was  distressed  to  find  that  this  visionary  ap- 

Brition  was  so  strongly  fixed  in  the  imagination  of  his  patient 
e  ingeniously  urged  the  sick  man,  who  was  then  in  bed,  with 
questions  concerning  the  circumstances  of  the  phantom's  appear- 
ance, trusting  that  he  might  lead  him,  as  a  sensible  man,  into  such 
contradictions  and  inconsistencies  as  might  bring  his  common  sense, 
which  seemed  to  be  unimpaired,  so  strongly  into  the  field  as  to 
combat  successfully  the  fantastic  disorder  which  produced  such 
fiaital  effects.  ^'This  skeleton,  then,"  said  the  doctor,  <<  seems  to 
you  to  be  alwayS'present  to  your  eyes?"  "  It  is  my  fate,  onhap- 
pily,"  replied  the  invalid,  "  always  to  see  it"  "Then  I  under- 
stand," continued  the^physician,  "  it  is  now  present  to  your  ima- 
gination?" "  To  my  imagination  it  certainly  is  so,"  answered  the 
flick  man.  '^  And  in  what  part  of  the  chamber  do  you  now  con- 
ceive the  apparition  to  appear?"  the  physician  inquired.  "  Imme- 
diately at  the  foot  of  my  bed,  when  the  curtains  are  left  a  little 
open,"  answered  the  invalid ;  "  the  skeleton,  to  my  thinking,  is 
placed  between  them,  and  fills  the  vacant  space."  <^  You  say  you 
are  sensible  of  the  delusion,"  said  his  friend ;  ^*  have  you  firmness 
to  convince  yourself  of  the  truth  of  this?  Can  you  teke  courage 
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enoagh  to  rise  and  place  yourself  in  the  spot  so  seeming  to  be  oc- 
cupied,  and  convince  yourself  of  the  illusion?''  The  poor  man 
sighed  and  shook  his  head  negativejy.  ^'  Well,"  said  the  doctor, 
"  we  will  try  the  experiment  otherwise/'  Accordingly  he  rose  from 
his  chair  by  the  bed-side,  and  placing  himself  between  the  two 
half-drawn  curtains,  at  the  foot  of  the  bed,  indicated  as  the  place 
occupied  by  the  apparition,  he  asked  if  the  spectre  was  still  yisi- 
ble?  "  Not  entirely  so,"  replied  the  patient,  "  because  your  per- 
son is  between  him  and  me  ;  but  I  observe  his  skull  peering  above 
your  shoulder."  The  doctor  resorted  to  other  means  of  investi- 
gation and  cure,  but  without  success.  The  patient  sank  into  deeper 
and  deeper  dejection,  and  died  in  the  same  distress  of  mind  in 
which  he  had  spent  the  latter  months  of  his  life.  The  circum- 
stances of  his  singular  disorder  were  concealed,  so  that  he  did  not, 
by  his  death  and  last  illness,  lose  any  of  the  well-merited  reputation 
for  prudence  and  sagacity,  which  had  attended  him  during  the 
whole  course  of  bis  life. 

These  are  striking  cases  of  the  illusions  that  may  occur  during 
even  our  waking  moments;  and  they  may,  doubtless,  account  for 
some  of  the  stories  of  apparitions,  of  which  so  many  are  upon  re- 
cord. In  the  hypochondriac,  we  meet  with  all  kinds  of  hallucination, 
and  it  is  one  of  the  most  striking  of  the  symptoms  of  every  variety 
of  insanity;  but  ia  the  cases  we  have  adduced,  notwithstanding  the 
constancy  and  permanency  of  the  illusion,  the  individual  himself 
has  been  entirely  satisfied  that  the  whole  afiair  had  no  real  exist- 
ence. Had  he  believed  in  the  existence  of  these  phantoms,  atld  acted 
from  a  conviction  of  their  reality,  he  might  with  propriety  have 
been  deemed  insane.  An  instance  of  this  kind  is  told  in  the  Me- 
moirs of  the  Count  Maurepas  of  oneof  the  princes  of  the  house 
of  Bourbon,  who  supposed  himself  to  be  a  plant,  and  after  having 
fixed  himself  in  the  garden,  called  upon  his  servant  to  come  and  wa- 
ter him.  His  belief  argued  unsoundness  of  mind,  yet  even  here  the 
hallucination,  we  are  told,  appeared  to  be  confined  to  this  subject. 

In  youth,  when  the  imagination  is  extremely  vivid,  we  can  call 
up  images  in  the  mind  at  pleasure^  varying  them  as  we  may  think 
proper.  Similar  illusions  appear  to  have  been  experienced  by  the 
poet  Cowper:— 

**  Me,  oft,  has  fancy,  ludicrous  and  wild, 
Sooth'd  with  a  waking  dream  of  houses,  towers. 
Trees,  churches,  and  stranre  yisares,  express^ 
In  the  red  cinders,  while  with  poring  eye 
I  gazed,  myself  creating  what  I  saw." 

In  the  nervous,  the  delicate  and  the  imaginative,  uneasy  sensa- 
tions can  be  experienced,  when  and  where  the  individual  wishes. 
After  sedentary  habits,  long  continued,  the  author  has  been  able 
to  experience  pain  in  any  part  of  the  system,  where  he  has  chosen; 
Md  to  make  it  shift  at  pleasure  from  one  organ  to  another. 
In  the  cases  of  huUacinatioii  which  we  have  given  at  length,  as 
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well  as  in  eTery  other  kind,  the  cerebral  part  of  the  organ  of  aense 
is  directly  or  indirectly  excited  into  action; — often  by  disease  of 
the  brain,  or  of  some  distant  organ  which  reacts  upon  it  Hence 
it  occurs  as  a  precursor  of  apoplexy,  epilepsy,  or  other  cerebral 
affection,  or  it  nnay  accompany  or  be  aggravated  by  disorder  of  the 
digestive  function.  It  has  been  seen,  that  although  the  passiooB 
or  emotions  are  cerebral  phenomena,  they  are  felt  in  the  nutri- 
tive organs;  and  we  can  understand,  how  a  disordered  state  of 
those  organs  may  react  upon  the  brain,  and  call  up  all  kinds  of  illu* 
sion8;-^generally  during  sleep,  but  at  times  even  during  our  wak- 
ing moments.  In  this  way,  we  account  for  the  frightful  dreams 
that  follow  an  overloaded  stomach,  or  that  accompany  impeded 
respiration  or  circulation.  One  of  the  most  distressing  symptoms 
of  hydrothorax  or  water  in  the  chest,  which  interferes  more  or  less 
with  both  these  vital  functions,  is  the  disturbed  sleep,  and  the 
frightful  sense  of  impending  danger,  which  nightly  distress  the  un- 
fortunate sufierer. 

It  appears,  then,  that  in  all  eases  of  hallucination,  occurring  in 
those  of  sound  or  diseased  mind,  asleep  or  awake,  the  cerebral  or 
percipient  part  of  the  organ  of  the  sense  concerned  is  irresistibly 
affected,  so  as  to  call  up  the  memory  of  objects,  or  to  form  others 
which  have  no  existence  except  in  the  imagination;  but  all  this  is 
accomplished  without  any  impression  being  made  upon  the  exter- 
nal senses  from  without,  even  when  such  senses  appear  to  be  most 
actively  exercised.  In  dreams  this  must  manifestly  be  the  case. 
We  see  a  friend  long  since  dead;  we  parade  the  streets  of  a  town, 
which  we  have  never  visited;  see,  hear,  feel  and  touch  the  different 
objects.  All  this  must  be  cerebral;  and  not  less  certainly,  is  it  the 
case  in  the  hallucinations  of  insanity,  or  in  those  that  occur  in  the 
waking  condition.  The  object  we  see  is  not  in  existence,  yet  it  is 
a  regularly  defined  creation;  a  cat  in  one  instance,  a  gentleman- 
usher  in  another,  and  a  riceleton  in  a  third*  It  cannot  depend  upoD 
any  depraved  condition  of  the  organ  of  sense,  as  in  such  case  the 
representation  of  the  mind  would  be  amorphous,  irregular,  or  con- 
fused; not  a  complete  metamorphosis  as  is  invariably  the  case.  Yet 
we  are  surprised  to  see  Sir  Walteb  Scott  state,  that  he  thinks 
'^  there  can  be  little  doubt  of  the  proposition,  that  the  external  or- 
gans may,  from  various  causes,  become  so  much  deranged  as  to 
make  false  representations  to  the  mind;  and  that,  in  such  cases, 
men,  in  the  literal  sense,  really  see  the  empty  and  false  forms,  and 
hear  the  ideal  sounds,  which  in  a  more  primitive  statQ  of  society, 
are  naturally  enough  referred  to  the  action  of  demons  or  disem- 
bodied spirits.  In  such  unhappy  cases,  the  patient  is  intellectually 
in  the  condition  of  a  general,  whose  spies  have  been  bribed  by  the 
enemy,  and  who  must  engage  himself  in  the  difficult  and  delicate 
task  of  exaroinine  and  correcting,  by  his  own  powers  of  argument, 
the  probability  of  the  reports,  which  are  too  inconsistent  to  be 
trusted  to.'' 
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The  explanation  is  poetic,  but  manifestly  untenable. 
A  theory  which  has  been  offered  to  account  for  the  various  spectral 
illusions,  occurring  in  any  of  the  modes  we  have  mentioned,  is,  that, 
in  all  the  organs  oisense,  the  mind  possesses  the  power  of  retransmit^ 
ting,  through  the  nervous  filaments  to  the  expansion  of  the  nerves 
that  are  acted  upon  by  external  objects,  impressions  which  these 
nerves  have  previously  transmitted  to  the  brain,  and  that  the  vi- 
vidness of  the  retransmissions  is  proportional  to  the  frequency 
with  which  the  impressions  have  been  previously  transmitted;  that 
these  reproduced  impressions  are  in  general  feeble  in  the  healthy 
state  of  the  body,  though  perfectly  adapted  to  the  purposes  for 
which  they  are  required;  but  in  other  states  of  the  body,  they  ap- 
pear with  such  brilliancy  as  to  create  even  a  belief  in  the  external 
existence  of  those  objects  from  which  the  impressions  were  origi- 
nally derived. 

"  When  the  mind,"  says  a  recent  writer  on  this  subject,  "  ac- 
quires a  knowledge  of  visible  objects  it  is  by  means  of  luminous 
impressions,  conveyed  to  the  sensorium  from  each  impressed  point 
of  the  retina,  through  the  corresponding  filaments  of  the  optic 
nerve,  and  when  the  memory  is  subsequently  called  upon,  by  an 
act  of  the  will,  to  present  to  us  an  object,  that  has  been  previously 
seen,  it  does  it  by  retransmission  along  the  same  nervous  filaments, 
to  the  same  points  of  the  retina.  In  the  first  case,  when  the  pre- 
sence of  the  luminous  object  keeps  up  a  sustained  impression  upon 
the  nervous  membrane,  the  filaments  which  transmit  it  to  the 
brain  are  powerfully  excited;  but  in  the  process  of  retransmission 
by  an  effort  of  memory,  the  action  of  the  nervous  filaments  is  com- 
paratively feeble,  and  the  resultant  impression  on  the  retina  faint 
or  transient  When  the  memory,  however,  is  powerful,  and  when 
the  nervous  filaments  are  in  a  state  of  high  excitability,  the  im- 
pression becomes  more  vivid;  and,  as  in  the  case  of  spectral  illu- 
sions, it  has  the  same  strength  and  distinctness,  as  if  it  were  pro- 
duced by  the  direct  action  of  luminous  rays.  In  the  one  case,  the 
result  of  the  impression  and  its  retransmission  to  the  retina  is  a 
voluntary  act  of  the  mind,  but  in  the  other  it  is  involuntary,  the  . 
controlling  power  being  modified  or  removed,  or  the  nerves  being 
thrown  into  a  state  of  easy  excitation  by  some  unhealthy  action  of 
the  bodily  organs.'' 

According  to  this  view,  it  is  indispensable  that  the  perception 
in  every  case  of  illusion  shall  be  referred  to  the  nerves  of  the 
organ,  by  which  such  perception  is  ordinarily  effected;  to  the  re- 
tina, if  vision  be  concerned;  to  the  auditory  nerve,  if  audition ;  and 
so  on.  But  this  retransmission  along  the  nerves  appears  to  be 
wholly  unnecessary.  When  an  impression  is  made  upon  a  sen- 
sitive surface,  as  we  have  elsewhere  shown,  sensation  is  not  ac- 
complished, until  the  impression  has  been  conveyed  to  the  brain 
by  an  appropriate  organ,  and  the  brain  itself  has  acted;  and  if  we 
interfere  in  any  manner  with  the  cerebral  part  of  the  function,  per- 
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ception  is  not  e&eted.  From  the  moment,  however,  that  the  ac- 
tion of  the  brain  has  taken  place,  the  idea  formed  can  be  recalled 
by  the  exercise  of  memory;  and  we  have  no  doubt,  that  this  conld 
taike  place  although  the  eyes  were  extirpated.  The  memory  might 
call  up  previous  perceptions,  when  the  functions  of  the  retina  are 
entirely  destroyed.  Were  it  otherwise,  it  would  be  impossible  for 
those,  who  have  lost  their  sight  from  paralysis  of  the  retina,  of 
which  many  cases  are  constantly  occurring,  to  call  up  any  of  the 
scenes  and  images,  of  which  the  brain  took  cognizance  prior  to  the 
supervenUon  of  their  blindness.  In  dreams,  too,  we  exert  every 
one  of  the  senses;  some  with  the  greatest  activity.  We  see,  hear, 
taste,  smell,  feel;  and,  in  addition  to  this,  walk,  run,  fly,  and  exe- 
cute the  ordinary  acts  of  life  not  only  without  apparent  di£Scul^, 
but  with  a  facility,  that  surprises  us.  Yet  can  we  suppose,  that,  in 
all  these  cases,  the  feeling  is  actually  produced  by  retransmisaon 
along  the  nerves  to  the  organ  to  which  it  is  referred? 

It  has  been  asserted,  that  when  examination  is  carefully  made 
it  will  be  found  that  the  images,  recalled  by  the  memory,  follow  the 
motions  of  the  head  and  of  the  eye;  but  that  this  is  not  the  case 
during  sleep  is  manifest  The  individual  may  remain  precisely  in 
the  same  position,  and  yet  he  will  seem  to  move  about  in  ali  direc- 
tions in  his  dreams;  will  appear  to  see  objects  behind  as  well  as  be- 
fore; and  in  situations  towards  which  it  is  impossible  that  the  mo- 
tions of  his  head  and  eye  should  be  directed.  Even  in  most  of  the 
illusions  of  our  waking  hours,  the  remark  ought  to  be  reversed. 
The  encephalic  action  is  the  first  of  the  links  m  the  chain  of  phe- 
nomena; and  the  motions  of  the  head  and  the  eye  follow  the  images 
recalled  by  the  memory.  When  the  unfortunate  subject  of  one  of 
the  cases  of  hallucination  saw  the  gentleman-usher  preceding  him 
into  company  and  circulating  amongst  the  assembled  guests;  as  well 
as  when  he  observed  the  skeleton  at  the  foot  of  his  bed;  the  per- 
ception had,  owing  to  disease,  so  completely  taken  possession  of  a 
part  of  the  encephalic  organ  of  vision,  that  the  idea  was  constantly 
in  the  mind;  and  volition  being  actively  exercised,  the  head  and 
the  eye  were  directed  towards  the  phantasm.  Yet  the  perception 
was  not  so  powerful,  as  to  preclude  the  reception  of  impressions 
from  without,  as  was  shown  by  the  skeleton  seeming  to  be  shut 
off  by  the  body  of  the  physician,  so  that  the  skull  only  was  seen 
peering  above  his  shoulder. 

Another  fact,  which  shows  that  the  whole  phenomenon  may  be 
entirely  encephalic,  is  the  occurrence  familiar  tp  the  operative 
surgeon,  of  a  patient,  whose  lower  limb  has  been  amputated, 
complaining  of  an  uneasy  sensation,  as  of  itching,  in  a  particular  toe, 
and  in  a  particular  part  of  a  toe.  This  is  at  times  a  symptom  of 
an  .extremely  distressing  character.  It  is  obviously  impossible, 
that,  in  this  case,  there  can  be  any  external  impression  made  on  the 
part  to  which  the  feeling  is  referred;  or  that  any  retransmission 
can  occur  from  the  brain;  the  limb  having  been  removed  from  the 
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body.  BROtrssAis  asflerts,  that  if  a  person  telb  you  he  auCfers  in  a 
limb  which  he  no  longer  has,  it  is  because  he  experieucea  irrita- 
tion in  the  extremities  of  the  divided  nerye,  but  this,  in  no  respect, 
removes  the  diflSculty.  The  sensation  is  referred  to  a  part,  which 
has  no  existence  except  in  the  imagination. 

But  to  return  to  sleep.  We  have  said,  that  the  object  of  sleep 
is  to  repair  the  loss  which  the  nervous  system  has  sustained  during 
the  previous  condition  of  waking.  This  may  consequently  be  re- 
garded as  the  great  exciting  cause  of  sleep;  but  we  have  seen  also 
that  certain  states  of  the  mind  may  postpone  the  usual  period  of  its 
recurrence.  If,  indeed,  we  allow  the  attention  to  flag,  and  suspend 
the  due  exercise  of  volition,  sleep  can  be  indulged  at  almost  any 
hour  of  the  day.  In  the  same  manner,  any  monotonous  impression, 
or  action  of  the  brain  in  thought;  the  rocking  of  a  cradle  to  the 
restless  child;  or  the  song  of  the  nurse;  the  murmurs  of  a  bubbling 
brook,  &c.  may  soothe  us  to  rest.  A  like  effect  is  produced  by 
substances,  as  narcotics,  which,  by  a  specific  action  on  the  nervous 
system,  prevent  the  ordinary  sources  of  irritation  from  being  ap- 
preciated, as  well  as  by  certain  morbid  affections  of  the  brain, — com- 
pression, concussion,  inflammation,  &c.  In  these  cases,  however, 
the  sleep  is  morbid,  and  is  an  evidence  of  serious  mischief,— often 
of  fatal  disease;  whilst  true  sleep  is  as  natural  as  the  waking  state, 
and  is  alwayi 


**  Man'i  rich  restoratiye;  his  balmy  bath. 
That  supples,  lubricates  and  keeps  in  play. 
The  various  movements  of  that  mce  machine^ 
Which  asks  such  frequent  periods  of  repair!" 

Yet  Haller,  Habtlet,  and  numerous  others  have  supposed 
that  natural  sleep  is  likewise  dependent  upon  an  accumulation  of 
blood  or  other  fluids  in  the  vessels  of  the  head,  pressing  upon  the 
brain  and  thus  impeding  its  functions.  In  support  of  this  opinion, 
it  is  asserted,  that  all  the  phenomena  which  attend  the  sleeping 
state  seem  to  prove  a  determination  of  blood  to  the  head.  The 
face  is  flushed ;  the  head  is  hotter ;  the  skin  more  moist;  and  it  is 
generally  during  the  night,  or  when  first  awake,  that  bleeding  from 
the  nose  and  apoplexy  take  place:  the  frequency  of  erection  during 
sleep  is  affirmed  to  be  owing  to  the  pressure  exerted  on  the  cere- 
bellum, which,  in  the  theory  of  Gall,  is  the  encephalic  organ  of 
generation;  and  lastly,  it  is  argued,  that  narcotics  and  vinous  and 
spirituous  liquors  produce  sleep  by  causing  a  similar  congestion 
of  blood  within  the  cranium.  The  case,  by  no  means  unique,  of 
the  beggar  whose  brain  was  exposed,  and  in  whom  a  state  of  drow- 
siness waa  induced  when  the  brain  was  pressed  upon,  which  could 
be  increased  by  increasing  the  pressure,  until  at  length  he  became  co- 
matose, has  also  been  cited  by  Hartley  and  others.  But  all  these 
are  cases  of  morbid  suspension  of  the  animal  functions,  and  are  no 
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more  to  be  utimikted  to  true  sleep,  than  the  drowsiness,  which 
Flouasks  found  to  prevail  in  his  experiments  on  animals  when 
the  cerebral  lobes  were  removed. 

The  believers  in  the  hypothesis,  that  congestion  of  the  vessels 
of  the  brain  is  the  cause  of  sleep,  consider,  that  the  heaviness  and 
stupor,  observable  in  those  who  indulge  too  much  in  laziness  and 
sleep,  are  owing  to  the  long-continued  pressure  injuring  the  cere- 
bral organs.  Other  physiologists  have  assumed  the  opposite 
ground,  and  affirmed  that  during  sleep  the  blood  is  distributed  to 
the  brain  in  less  quantity,  and  is  concentrated  in  the  abdomen,  to 
augment  the  action  of  the  nutritive  functions;  whilst  CABAHisholds, 
that  during  sleep,  there  is  a  reflux  of  the  nervous  powers  towards 
their  source,  and  a  concentration  in  the  brain  of  the  most  active 
principles  of  sensibility. 

On  all  these  topics  our  ignorance  is  extreme.  We  know  nothing 
of  the  state  of  the  encephdon  in  sleep.  Its  essence  is  as  impene- 
trable as  that  of  every  other  vital  function.  Dr.  Bostock  asserts, 
that  it  is  not  more  beyond  our  grasp  than  the  other  functions  of  the 
nervous  system.  This  we  admit:  he  has  indeed  afibrded  us  in  his 
own  work  indubitable  evidences  of  our  utter  want  of  acquaintance 
with  the  essence  of  all  those  functions. 

The  state  of  sleep  is  as  natural,  as  instinctive,  as  that  of  waking: 
both  are  involved  in  mystery,  and  their  investigation,  as  Mr.  Du- 
OALD  Stswaht  has  suggested,  is  beyond  the  reach  of  the  human 
faculties. 

Reverie  has  been  considered  to  resemble  sleep,  and,  in  its  higher 
grades,  to  be  not  far  removed  from  the  condition  of  somnambulism. 
It  is  characterized  by.  the  attention  or  volition  being  directed  so 
intently  towards  particular  topics,  during  wakefulness,  that  the  im- 
pressions of  surrounding  objects  are  not  appreciated.  Various  grades 
of  this  condition  of  the  mind  may  be  traced  from  the  slightest  degree 
of  absence  or  brown  study y  to  a  state  of  total  abstraction,  in  which 
the  attention  is  entirely  wound  up,  and  riveted  to  a  particular  sub- 
ject Most  persons  must  have  experienced  more  or  less  of  this, 
when  any  subject  of  severe  study,  or  any  great  gratification^ 
anxiety,  or  distress  has  strongly  occupied  the  mind.  If  engaged 
in  readine,  they  may  follow  every  line  with  the  eye;  turn  over 
leaf  after  leaf,  and  at  length  awake  from  the  reverie,  which  had  oc- 
cupied the  imagination,  and  find  that  not  the  slightest  impression 
has  been  made  on  the  mind,  by  the  pases  which  the  eye  had  pe- 
rused, and  the  hand  had  run  over.  If  walking  in  a  crowded  street, 
they  have  probably  proceeded  some  way  under  the  influence  of 
reyery,  moving  the  limbs  as  usual,  performing  various  acts  of  vo- 
lition, winding  safely  among  the  passengers,  avoiding  the  posts 
and  other  obstacles,  yet  so  exclusively  occupied  by  the  conceptions 
of  the  mind,  as  to  be  totally  unconscious  of  all  these  acts  of 
their  volition,  and  of  the  objects  which  they  have  passed,  which 
must  necessarily  have  impressed  their  senses  so  as  to  regulate 
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those  actions,  but,  owing  to  the  attention  haying  been  bent  upon 
other  topics,  the  perceptions  have  been  evanescent  In  elucidation 
of  the  power  of  a  high  degree  of  revery  to  render  an  individual 
torpid  to  all  around  him,  the  case  of  Archimedes,  at  the  time  of 
his  arrest,  has  been  quoted  by  writers.  When  the  Roman  army 
had  at  length  taken  Syracuse  by  stratagem,  which  the  tactics  of 
AscHiMEDES  had  prevented  them  from  taking  by  force,  he  was 
shut  up  in  his  closet,  and  so  intent  on  a  geometricd  demonstration 
that  he  was  equally  insensible  to  the  shouts  of  the  victors,  and  the 
outcries  of  the  vanquished.  He  was  calmly  tracing  the  lines  of  a 
diagram,  when  a  soldier  abruptly  entered  his  room,  and  olapt  a 
sword  to  his  throat  ^  Hold  friend,^'  said  Aschimedes,  '^  one 
moment,  and  my  demonstration  will  be  finished."  The  soldier^ 
surprised  at  his  unconcern  at  a  time  of  such  extreme  peril  resolved 
to  carry  him  before  Maroellus;  but  as  the  philosopher  put  under 
his  arm  a  small  box  full  of  spheres,  dials,  and  other  instruments, 
the  soldier,  conceiving  the  box  to  be  filled  with^gold,  could  not  re- 
sist the  temptation,  and  killed  him  on  the  spot. 

It  is  to  the  capability  of  indulging  to  the  necessary  extent  in 
this  kind  of  mental  aA)stractien,  that  we  are  indebted  for  the  solu- 
tion of  every  abstruse  problem,  relating  to  science  or  art,  and  for 
some  of  the  most  beaowul  conceptions  of  the  poet  From  indul- 
gence, however,  in  such  abstractions,  a  habit  is  often  acquired, 
which  may  be  carried  so  far  as  to  render  the  individual  unfit  for 
society,  and  to  give  him  a  character  for  rudeness  and  ill-breed- 
ingy'of  which  he  may  be  by  no  means  deserving.  Some  most 
amiable  and  estimable  men  have,  from  long  habits  of  abstraction, 
contracted  the  diseascj  (aphelxia,J  as  Goon  has  constituted  it, 
and  have  found  the  cure  tedious  and  almost  impracticable:  at  times, 
indeed,  it  appears  to  have  terminated  in  mental  dienation. 

The  difference  between  this  state  and  that  of  sleep  is,  that  the 
attention  and  volition  are  here  powerfully  directed  to  one  object, 
so  as  to  be  torpid  to  the  impressions  of  extraneous  bodies;  whilst 
sleep  is  characterized  by  a  suspension  or  diminished  exercise  of 
these  faculties. 
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Tub  wonderful  and  complicated  actions  of  the  frame  are  variously 
correlated,  to  accomplish  that  astonishing  harmony  which  preFails 
in  the  state  of  health,  as  well  as  to  produce  the  varied  morbid 
phenomenal—- often  at  a  distance  from  the  part  originally  diseased, 
— which  characterize  different  pathological  conditions.  It  is  no^ 
therefore,  simply  as  a  physiological  question  that  the  study  of  the 
eorrelation  of  functions  interests  the  medical  inquirer.  It  is  im- 
portant to  him  in  the  study  of  every  department  which  concerns 
the  doctrine  of  the  healthy  or  diseased  manifestations,  and  the 
vodes  adapted  for  their  removal. 

These  correlations  may  be  of  various  kinds;— ^Ay«ca/,  in  which 
the  effect  exerted  is  entirely  of  a  mechanical  character; /unr/iono^ 
itt  which  the  action  of  one  organ  is  inseparably  united  to  that  of 
another,  to  accomplish  a  particular  object;  and  sympcUhettCf  in 
which  there  is  no  physical  action  or  direct  catenation  of  functions; 
but  where  an  organ,  at  a  distance  from  one  affected,  is  excited  to 
irregular  or  regiuar  action  in  consequence  of  the  condition  of  the 
latter. 

In  the  description  of  the  different  functions,  numerous  opportu- 
nities occurred  for  showing  the  influence,  which  organs,  in  the 
immediate  vicinity  of  each  other,  may  mutually  exert  so  as  to 
modify  their  functions.  The  action  of  the  muscles, — particularly 
those  that  contract  the  larger  cavities,  as  the  abdomen  and 
thorax,-^-on  the  parts  with  which  they  come  in  contact,  must  be 
entirely  mechanical.  In  this  way,  the  diaphragm  and  the  abdomi- 
nal muscles  act  in  vomiting  and  defecation.  During  the  operation 
of  blood-letting,  the  flow  of  blood  can  be  augmented  by  moving 
the  muscles  of  the  hand ;  and  it  is  probable  that  the  constant  mo- 
tion of  the  muscles  of  respiration  impresses  a  succussion  on  different 
organs,  which  may  aid  them  in  accomplishing  their  functions,  al- 
though the  effect  of  this  is  doubtless  exaggerated.  Every  change 
of  position,  either  of  the  whole  body  or  of  a  part,  has,  likewise, 
some  effect  in  modifying  the  actions  performed  by  it  or  by  neigh- 
bouring organs,  although  such  effect  may  not  be  easily  appreciable. 

A  similar  case  of  mere  mechanical  influence,  which  seems  to  be 
important  to  the  proper  action  of  certain  organs,  is  exhibited  in 
the  pulsation  of  the  different  arteries.  It  has  been  seen,  that  a  suc- 
cussion is  in  this  way  given  to  the  brain,  which  appears  to  be  ne- 
cessary to  it ;  for,  if  this  source  of  stimulation  is  in  any  manner 
withdrawn,  fainting  is  induced.  Perhaps,  however,  the  strongest 
case  that  can  be  ofiered  of  modification  of  function  by  mechamcal 
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causes,  is  that  of  the  gravid  uterus,  which,  by  its  pressure,  gives 
rise  to  numerous  symptoms  in  other  organs,  that  are  often  the 
source  of  much  annoyance  during  gestation. 

The  functional  correlations  or  synergies  are  of  much  more 
moment  to  the  physiologist  and  pathologist  Many  of  these  have 
also  been  described  in  the  preceding  history;  a  brief  notice  of  them 
will  be  all  that  is  now  requisite.  For  the  maintenance  of  the  healthy 
function  we  know  that  certain  conditions  are  necessary,  and  that 
if  these  be  modified,  in  the  whole  or  in  any  part  of  the  body,  dis- 
ease and  death  may  be  the  result,  even  although  the  derangement 
may,  in  the  first  instance,  concern  only  an  apparently  unimportant 
part  of  the  frame ;  the  affection  by  correlation  spreading  gradually 
to  more  and  more  essential  organs  and  functions,  until  the  disorder 
is  ultimately  too  great  to  allow  of  a  continuance  of  the  vital  move- 
ments. In  this  respect,  man  differs  from  an  ordinary  piece  of  hu- 
man mechanism,  in  which  the  various  parts  are  so  adapted  to  each 
other  as  to  produce  a  certain  result  If  one  of  these  parts  be 
destroyed,  the  whole  machine  may  have  its  motion  arrested.  But 
the  effect  is  owing  to  the  destruction  of  one  part  only,  the  others 
remaining  sound,  whilst  death^  or  the  stoppage  of  the  living  ma- 
chine, does  not  necessarily  follow  the  destruction  of  any  except  a 
few  essential  organs,  and  is  generally  owing  to  the  derangement  of 
many.  We  shall  find,  indeed,  that  except  in  cases  of  sudden  death, 
it  is  extretnely  di£Scult  to  say  which  of  the  three  truly  vital  organs 
has  first  ceased  to  act;  and  that  in  all  such  cases  death  begins  in  one  or 
other  of  the  organs  essential  to  vitality,  and  soon  extends  to  the  rest 

The  essentially  vital  organs  are  the  respiratory,  circulatory, 
and  the  organs  of  innervation;  but  the  great  use  of  respira- 
tion is  to  change  the  blood  from  venous  to  arterial;  in  other 
words,  to  induce  a  conversion  in  it  by  its  passage  through  the 
lungs,  without  which  it  would  be  inadequate  for  the  mainte- 
nance of  life  in  any  organ;  and  the  object  of  the  circulation  is, 
lo  distribute  it  to  the  various  parts  of  the  frame  as  the  grand  vivi- 
fying and  reparatory  material.  If,  also,  the  organs  of  innervation 
be  destroyed,  the  nervous  influence  rs  no  longer  conveyed  to  the 
different  parts  of  the  frame;  and  as  the  presence  of  this  influence 
is  everywhere  indispensable,  the  functions  may  cease  from  this 
cause;  so  that  we  may  regard,  as  essential  elements  to  the  existence 
of  the  frame  and  of  every  part  of  the  frame,  the  proper  supply  of 
arterial  blood  and  of  the  nervous  influence.  In  the  production 
and  distribution,  however,  of  these  agencies,  a  number  of  func- 
tions is  concerned,  giving  rise  to  the  correlation,  which  is  the 
object  of  our  present  inquiry.  If,  in  any  manner,  the  blood  does 
not  meet  with  the  due  aeration,  as  in  the  ordinary  cases  of  suffo- 
cation, death  supervenes,  in  the  order  elsewhere  described ;  and  if 
a  slight  degree  of  aeration  is  accomplished,  but  still  not  enough  for 
the  neoessitiei  of  the  system,  instead  of  suffocation,  the  individual 
die*  more  gi^adually:  the  functions  fail  in  the  same  order;  black 
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blood  circulates  through  all  the  textures;  hence  lividity,  especially 
of  those  parts  where  the  cuticle  is  extremely  thin,  as  in  the  lips, 
and  wherever  the  mucous  membranes  commingle  with  the  skin; 
the  blood  gradually  becomes  inadequate  to  keep  up  the  action  of 
the  brain  and  nervous  system  generally,  as  well  as  to  stimulate  the 
hearty  and  the  individual  gradually  expires.  If,  again,  the  blood, 
although  properly  converted  in  the  lungs,  is  not  duly  distributed 
to  the  organs,  owing  to  the  failure  of  the  circulatory  powers,— 
either  from  direct  or  indirect  causes, — the  organs  exhibit  their 
correlation  in  the  same  manner,  and  syncope  or  fainting,  or  positive 
death,  may  be  produced.  Often,  however,  the  stoppage  of  the  ac- 
tion of  the  heart  is  but  for  a  short  time.  Owing  to  some  painful 
impression,  sudden  emotion,  or  other  cause,  the  organ  ceases  to 
contract,  either  suddenly, — when  the  person  falls  down  as  if 
deprived  of  life,--or  gradually,  when  the  connexion  of  the 
different  functions,  and  the  order  in  which  they  fail,  is  manifest 
Of  this  kind,  of  what  the  surgeon  calls  morbid  sympathy  or  con- 
siiiutional  irritationj  we  have  a  good  example  in  the  effect  of 
a  trifling  operation  upon  a  delicate,  and  oflen  upon  a  strong,  in- 
dividual. Bleeding  will  sometimes  induce  fainting,  both  directly, 
by  the  abstraction  of  fluid  from  thlb  vessels,  so  that  the  brain  may 
cease  to  act;  and  indirectly,  when  the  quantity  removed  can- 
not be  presumed  to  have  exerted  any  influence.  Some,  indeed, 
will  faint  from  the  slightest  puncture  and  loss  of  blood,  or  even 
from  the  sight  of  that  fluid.  In  these  last  cases,  if  the  syncope 
come  on  gradually,  a  feeling  of  great  anxiety  and  oppression,  occa- 
sionally of  vacuity,  exists  in  the  epigastric  region ;  the  perceptions 
become  confused,  the  sight  obscured,  tinnitus  aurium  and  dizziness 
supervene,  the  respiration  is  embarrassed,  the  face  pale,  the  extremi- 
ties cold,  and  the  different  parts  of  the  body  are  covered  with  a  cold, 
clammy  sweat,  until  ultimately  loss  of  sensation  and  motion  supe^ 
venes,  and  the  individual  is  temporarily  dead ;  from  which  state, 
however,  he  soon  recovers  in  the  generality  of  cases,  provided  be 
is  kept  in  the  recumbent  posture,  so  that  the  blood  may  readily 
pass  to  the  brain.  On  other  occasions,  the  heart  will  not  cease 
its  pulsations,  but  will  continue  to  send  blood,  in  undue  quantity, 
to  the  brain,  so  that  all  the  above  symptoms  may  ensue,  except  the 
temporary  privation  of  vitality.  In  consequence  of  the  severe  pain 
induced  by  a  displacement  of  two  of  the  bones  of  the  wrist,  by  t 
fall  from  a  carriage,  the  author  remained  a  considerable  time  de- 
prived of  sight,  and  at  the  same  time  suffering  from  great  anxiety, 
yet  the  action  of  the  heart  never  ceased,  so  as  to  induce  complete 
syncope. 

The  third  vital  function,— that  of  innervation, — when  suspended 
or  diminished,  draws  on  a  train  of  pathological  phenomena,  in  the 
order  described  under  the  head  of  death;  suspendingVespiration  and 
circulation  suddenly,  if  the  cause  applied  be  sufficient;  more  gradual- 
ly, and  with  the  symptoms  characterizing  tqpoplexy  or  compres- 
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sion  of  the  braio,  if  the  cause  act  in  a  minor  degree.  AU  the 
three  vital  functions  are  consequently  correlative,  and  so  inti- 
mately associated,  that  if  a  malign  influence  act  upon  one,  the  ef- 
fect is  speedily  extended  to  the  other. 

Owing  to  the  necessity  for  the  blood  possessing  certain  attri- 
butes, the  most  important  of  which  are  obtained  by  its  circulation 
through  the  lungs,  we  can  readily  understand,  that  if  the  functions 
of  nutrition  are  not  properly  exerted,  the  composition  of  that  fluid 
may  be  imperfect,  and  disorder  take  place  in  various  parts  of 
the  frame  from  this  cause.  Thus,  if  digestion  or  the  formation  of 
chyle  be  not  properly  executed,  the  blood  is  Qot  duly  renovated, 
and  may  be  so  far  impoverished,  that  the  play  of  the  functions 
are  interfered  with.  We  have  elsewhere  shown,  that  if  omni- 
vorous man  be  restricted  to  one  kind  of  diet  he  will  fall  ofi*,  and 
become  scorbutic,  and  that  the  afiection  will  be  removed  by  allow- 
ing him  diet  of  another  kind;— -vegetables,  if  animal  food  have  in- 
duced it,  and  vice  versa.  Enlarged  mesenteric  glands,  conse- 
quent, or  not,  on  inflammation  of  the  mucous  membrane  of  the  in- 
testine, and  the  latter  afiection  itself,  are  cases  which  may  inter- 
fere with  chylosis,  and  consequently  with  the  constitution  of  the 
blood.  In  like  manner,  if  nutrition  and  the  various  secretions  are 
not  duly  performed  in  the  tissue  of  the  organs,  and  especially  if  the 
two  great  depurations, — ^the  urinary  and  cutaneous, — be  obstructed, 
the  blood  may  sufier,  and  although  the  due  changes  from  venous 
to  arterial  may  be  effected  in  the  lungs,  its  character  may  not  be 
such  as  to  adapt  it  for  the  healthy  execution  of  the  various  func- 
tions. 

The  humorists  assigned  too  much  importance  to  the  condi- 
tion of  the  humours  in  the  production  of  disease;  the  solidists, 
on  the  other  hand,  have  denied  it  almost  all  agency.  The 
medium  between  these  exclusionists  is  probably  the  nearest  to  na- 
ture. The  solitary  fact  of  black  blood  being  unfit  to  maintain  the 
vitality  of  any  organ  sufficiently  exhibits  its  lethiferous  influence. 
How  the  arterial  blood  exerts  its  agency,  independently  of  its  action 
as  a  fluid  of  nutrition,  is  beyond  our  knowledge.  It  appears  to  exert  a 
necessary  action  of  stimulation,  but  in  what  manner,  or  on  what 
element,  we  know  not:  probably,  however,  its  chief  influence  may 
be  on  the  nervous  tissue,  as  the  privation  of  arterial  blood  occasions 
the  immediate  cessation  of  the  action  of  the  brain. 

The  second  of  the  essential  elements  to  the  continued  existence 
of  the  frame  and  of  every  part  of  it  is  the  nervous  influence.  In 
the  higher  classes  of  animals,  this  is  dispensed  from  three  great 
centres,— the  encephalon,  the  spinal  marrow,  and  the  great  sym- 
pathetic The  presidency,  however,  may  be  fairly  assigned,  in 
man  and  in  the  higher  animals,  to  the  first  of  these.  If  it  fails, 
death  soon  becomes  general.  This,  however,  is  liable  to  great  va- 
riation in  different  animals,  and  likewise  in  different  functions.  In 
man,  if  the  nervous  supply  be  cut  off  from  any  part,  the  part  dies. 
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Physical  integrity,  continuity,  and  a  due  supply  of  arterial  blood, 
are  necessary  to  the  proper  exercise  of  the  nervous  power.  In  a 
former  part  of  this  work,  the  wonderful  resistance  to  death,  which 
characterizes  the  amphibia,  and  the  comparative  independence  of 
each  portion  of  the  body,  in  some  of  the  lower  orders  of  animals, 
were  pointed  out  The  polypus  can  be  divided  into  numerous 
pieces,  yet  each  may  constitute  of  itself  a  distinct  animal.  The 
snail, after  decapitation, reproduces  the  head;  and  a  similar  repara- 
tory  power  is  possessed  by  other  animals.  We  have  elsewhere 
seen,  that  volition  is  seated  lower  in  the  inferior  than  in  the  supe- 
rior orders  of  animals;  and  that  in  man  it  is  chiefly, — some  say 
wholly, — restricted  to  the  encephalon. 

It  appears,  likewise,  that  the  dependence  of  the  rest  of  the  ner- 
vous system  on  the  great  nervous  centres  is  less  in  young  than  in 
old  animals.  Edwards  regarded  the  new-born  child  as  resembling, 
in  many  respects,  the  cold-blooded  animal,  and  Redi,  Rolando, 
and  Flourens,  and  Legallois  found  that  the  tenacity  of  life,  after 
decapitation,  was  much  greater  the  nearer  to  birth. 

The  functions  also  differ  with  regard  to  their  dependence  upon 
the  encephalon.  Disease  may  attack  the  animal  functions  and 
suspend  them  for  a  considerable  length  of  time, — as  in  apoplexy, 
— before  the  organic  functions  are  interfered  with.  This  is  a  topic, 
however,  which  will  be  discussed  under  the  head  of  DEATH, 

We  may  conclude,  then,  that  "life,*'  to  use  the  language  of  a 
gifted  preceptor  of  the  author, — M .  Beclard,— "  consists  essen- 
tially in  the  reciprocal  action  of  the  circulation  of  the  blood  and 
innervation;  death  always  following  the  cessation  of  such  recipro- 
cal action."  But  this  conclusion  is  applicable  only  to  animals;  al- 
though both  circulation  and  innervation  are  admitted  in  the  vege- 
table by  some  physiologists.  Legallois,  from  his  experiments 
deduced  the  unwarrantable  inference,  that  ''life  is  owing  to  an 
impression  made  by  arterial  blood  on  the  brain  and  spinal  marrow, 
or  to  the  principle  which  results  from  this  impression;'' — a  defini- 
tion which  would  exclude  the  numerous  animals  of  the  lower 
classes,  as  well  as  vegetables,  which  are  deficient  in  both  brain 
and  spinal  marrow. 

The  conclusion  of  Beclard  is  the  limit  to  our  knowledge  on 
this  subject  Yet  some  have  endeavoured  to  discover  which  of 
the  two  functions,— circulation  or  innervation, — holds  the  other  in 
domination.  They,  who  consider  the  nefvous  substance  to  be  first 
formed  in  the  foetus,  ascribe  the  supremacy  to  it;  whilst  the  be- 
lievers in  the  earlier  formation  of  the  sanguiferous  system  look 
upon  it  as  the  prime  agent.     We  know  no  more  than  that  both 

*'  Maintain 
With  the  xnjrsterious  mind  and  breathing  mould 
A  co-^xistence  and  community." 

In  every  important  function  of  the  body  we  find  this  correlation 
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or  catenation  of  oreans  existing;  all  working  to  one  end^  and  all 
requisite  for  its  perfect  accomplishment.  How  many  organs^  for 
example,  are  required  to  co-operate  in  the  elevated  function  of 
sensibility!  The  encepbalon,  the  seat  of  thought,  receives  by  the 
external  senses  the  various  impressions  which  act  upon  them 
from  without,  and,  by  the  internal  sensations,  such  as  arise  in  the 
economy  and  are  generally  the  indexes  of  the  physical  necessities 
or  wants.  The  intellectual  and  affective  faculties  enable  us  to  Bp- 
predate  the  various  objects  that  occasion  our  sensations,  and  indi- 
cate our  social  and  moral  wants :  under  their  direction  volition  is 
sent  outy  which  acts  upon  the  various  muscles,  and  produces  such 
movements  as  may  be  required  for  carrying  into  effect  the  suggest 
tions  of  the  mind.  Between  all  these  acts  there  is  the  closest  cate- 
nation. 

In  like  manner,  we  observe  the  correlation  between  the  animal, 
and  the. nutritive,  and  reproductive  functions.  The  internal  sen- 
sation of  hunger  suggests  to  the  mind  the  necessity  for  a  supply 
of  aliment;  the  external  senses  are  called  into  action  to  discover 
the  proper  aliment ;  when  discovered,  it  is  laid  hold  of  by  mus- 
cular movements  under  the  direction  of  volition,  is  subjected  to 
various  voluntary  processes  in  the  mouth,  and  then  passed  on,  by  a 
mixed  voluntary  and  involuntary  action,  into  the  stomach.  In  like 
manner,  the  desire  for  sexual  intercourse  may  be  excited  in  the 
mind  through  the  organs  of  vision  or  touch;  Uie  organs  of  gene* 
ration  are  aroused  to  action,  and  the  union  of  the  sexes  is  accom- 
plished by  the  exertion  of  muscles  thrown  into  contraction  by 
volition.  The  same  catenation  is  exhibited  after  a  fecundating 
copulation:  menstruation,  which  was  previously  performed  with 
regularity,  is  now  arrested;  the  breasts  become  developed;  milk  is 
formed  in  them,  and  whilst  the  female  suckles  her  child,  unless 
the  period  i^nusually  protracted,  the  nonexistence  of  the  men- 
strual function  continues.  ^ 

Almost  all  the  phenomena  of  disease  are  connected  with  this 
correlation  of  functions.  Derangement  takes  place  in  one  organ 
or  structure  of  the  body,  and  speedily  all  those  that  are  correlated 
with  it  participate  in  the  disorder.  Hence,  in  part,  arises  the  com^ 
bination  of  disordered  nervous,  circulatory  and  secretory  function, 
which  characterizes  general  fever;  and  the  various  associated  mor- 
bid actions  that  constitute  disease  in  general. 

There  is  another  kind  of  connexion  which  distinguishes  the  ani- 
mal body  from  a  piece  ofordinary  mechanism  yet  more  than  those 
we  have  considered.  In  this,  owing  to  an  impression  made  upon 
one  organ,  distant  organs  become  affected,  without  our  being  able 
to  refer  the  transmission  to  mechanical  agency,  or  to  the  associa- 
tion of  functions  which  we  have  just  described.  This  kind  of 
association  is  called  sympathy.  A  particle  of  snuff  or  other  irri- 
tating substance,  impinging  on  the  Schneiderian  membrane,  pro- 
duces itehing  there,  followed  by  a  powerful  action  of  the  whole 
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leflpirttory  aj^iNntiiB,  established  for  its  reooVRl.  The  sdmz- 
ingi  thus  iaduced,  is  not  caused  by  the  transmissioa  of  the  irrit»- 
tioa  through  the  intermediate  organs  to  the  respiratory  moscks; 
nor  can  we  explain  it  by  the  mechanical  or  functional  coenezioBs 
of  organs.  It  is  produced  by  this  third  mode  of  correlation  z^^-in 
other  words,  it  is  a  case  of  sympathy, 

Agaby  a  small  wound  in  the  foot  will  produce  locked  jaw,  with* 
out  our  being  able  to  discover,  or  to  imagine,  any  greater  oonneX' 
ion  between  the  foot  and  the  jaw  than  there  is  between  the  foot 
and  other  organs  of  the  body.  We  say  that  it  is  caused  by  stym- 
paUiy  existing  between  these  organs,  and,  so  long  as  we  «se  the 
term  to  signify  the  unknown  cause  of  these  connexions,  it  is  well. 
It  must  be  understood,  however,  that  we  attach  no  definite  idea  to 
the  term;  that  it  is  only  employed  to  express  our  ignorance  of  the 
agent  or  its  mode  of  acUon;  precisely  as  we  apply  the  epithet  tfUai 
to  a  process  which  we  are  incapable  of  explaining  by  any  physi- 
cal facts  or  arguments. 

Of  sympathetic  connexions,  we  have  numerous  examples  in  the 
body;  at  times,  inservient  to  accomplishing  a  particular  funetioii; 
but  generally  consisting  of  modifications  of  function  produced  by 
the  a^on  of  a  distant  organ.  Of  the  sympathetic  connexion  be^- 
tween  the  parts  of  the  same  organ,  Cor  the  execution  of  a  func- 
tion proper  to  the  organ,  we  have  an  example  in  that  between 
the  iris  and  the  retina;  the  former  will  contnict  or  dilate  accord- 
ing to  the  degree  of  stimulation  exerted  by  the  light  on  the  1^- 
ter;  and  the  effect  is  greater  when  the  light  is  thrown  on  the  re- 
tina than  when  thrown  on  the  iris  itself. 

A  similar  kind  of  sympathy  exists  between  the  state  of  the 
mammae  and  that  of  the  uterus,  daring  pregnancy;  although  this 
has  been  frequently  referred  to  ordinary  functional  correlation  or 
synergy;  but  the  connexion  is  sufficiently  obscure  to  entitle  it  to 
be  placed  under  this  division. 

Sympathiea  ofconiinuU^  are  such  as  occur  between  various 
partsof  membranes  that  are  continuous.  For  example,  the  slightest 
taste  or  smell  of  a  nauseous  substance  will  bring  on  an  tBoti  to 
vomit,— -the  whole  of  the  first  passages  being  unfavourably  disposed 
for  its  reception.  In  disease  we  have  many  examples  of  this  kind 
of  sympathy.  During  dentition  the  child  is  subject  to  various  g^ 
trie  and  intestinal  a£fections.  If  a  source  of  irritation  exist  in  any 
part  of  the  intestinal  or  other  mucous  membrane,  no  uneasy  sensa- 
tion may  be  experienced  at  the  seat  of  iri*itation,  yet  it  may  be  fdt 
at  the  commencement  of  the  membrane  or  where  it  commingles 
with  the  skin: — thus,  itching  at  the  nose  may  indicate  irritation 
of  the  digestive  mucous  membrane;— ^itching  or  pain  of  the 
glans  penis,  stone  in  the  bladder,  &c.  These  facts  prove  that 
in  disease  a  sympathetic  bond  unites  the  parts  concerned,  and 
suoh  is  probably  the  case  in  health  also.  We  have  the  same  thing 
proved  in  the  effect  produced  on  the  action  of  glands  by  irritating 
the  orifices  of  their  excretory  ducts.    The  presence  of  food  in  the 
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moQth  excites  the  secretion  of  the  salivary  glands,  and  that  of 
chyme  in  the  dtrodenum  augments  the  secretion  of  the  liver.  In 
the  same  manner  a  purgative,  as  calomel,  which  acts  upon  the  up- 
per part  of  the  intestinal  canal,  becomes  a  cholagogue;  and  duode- 
nitis occasions  a  copious  biliary  secretion.  These  cases  have,  how- 
ever, been  considered  by  many,  to  belong  more  appropriately  to 
functional  correlation,  as  it  is  presumable  that  the  propagation  of 
the  irritation  from  the  orifice  of  the  excretory  duct  takes  plaoe 
directly,  and  along  branches  of  the  same  nerves  as  those  that  sap- 
ply  the  glandular  organs.  It  is  by  this  sympathy  of  continuity  that 
we  explain  the  action  of  certain  medicines.  In  bronchial  irritation, 
for  example,  the  cough  will  frequently  be  mitigated  by  smearing 
the  top  of  the  larynx  by  a  demulcent, — the  soothing  influenee  of 
which  extends  to  the  part  irritated. 

A  variety  of  sympathy,  differing  somewhat  from  this,  is  the 
tympaihy  of  contiguity  or  contiguous  sympathy y  in  wbieh  an 
organ  is  affected  by  an  irritation  seated  in  another  immediately 
contiguous  to  it 

The  association  in  action,  between  the  lining  membrane  of  the 
heart  and  Uie  muscular  tissue  of  the  organ,  has  been  adduced  as 
an  instance  of  this  kind,  and  chiefly  from  the  experiments  of  Br- 
CHAT  and  NvsTEN,  which  showed  tiiat  any  direct  irritation  of  the 
musoirlflr  tissue  of  the  heart  has  not  as  mach  influence  as  that  of  the 
membrane  which  lines  it  A  similar  association  is  presumed  1o 
exist  between  the  mucous  and  muscular  coats  of  the  alimentary 
canal,  and  the  same  kind  of  evidence  is  adduced,  to  prove  that  the 
connexion  is  sympathetic. 

Other  instances  of  sympathy  arey— the  convulsive  contraction  of 
tiie  diaphragm  and  abdominal  muscles  in  vomiting  eonsequetft  on 
the  condition  of  the  sftomack^  as  welt  as  the  convulsive  action  of 
the  respiratory  muscfles  in  sneezing,  coughing,  &c. 

The  general  uniformity  in  the  motion  of  the  two  eyes  has 
been  adduced  as  an  additional  instance;  but  Adslon  has  judi- 
ciously remarked,  that  the  evidence  in  favour  of  this  view  is  in- 
sufficient. For  clearness  of  vision  it  is  necessary  that  the  luminous 
rays  shoold  impinge  upon  corresponding  points  of  the  two  retinae, 
and  should  fall  as  nearly  as  possible  in  the  direction  of  the  optic 
anes.  For  this  purpose,  the  muscles  direct  the  eyes  in  the  proper 
manner;  and  subsequently,  from  habit,  the  balls  move  in  harmony. 
We  constantly  hear,  also,  a  fact  adduced  from  pathology  as  an  in- 
stance of  sympathy.  A  molar  tooth  is  lost  on  one  side  of  the  jaw; 
and  it  is  found,  perhaps,  that  the  next  tooth  that  decays  is  the  cor- 
responding molar  tooth  of  the  opposite  side: — or  a  tooth  has  become 
carious,  and  we  find  the  one  next  to  H  soon  afterwards  in  the  course 
of  decay.  These  have  been  regarded  as  evidences  of  sympalfcy, 
remote  and  contiguous.  This  is  not  probable.  The  corresponding 
teeth  of  the  two  sides  are  similarly  situated  as  regards  the  supply 
ef  aerres,  vessels^  and  every  anatomical  element;  and  experience 
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shows  US  that  the  molar  teeth — and  especially  the  second  great 
molares — decay  sooner  than  the  others.  If  one^  therefore,  becomes 
carious,  we  can  understand  why  its  fellow  of  the  opposite  side 
should  be  more  likely  to  suffer.  The  opinion,  that  contiguous 
teeth  are  likely  to  be  affected  by  the  presence  of  a  carious  toothy 
either  by  sympathy,  or  by  direct  contact,  is  almost  universally  be- 
lieved, and  promulgated  by  the  dentist  Both  views  are  probably 
alike  erroneous.  If  the  inner  side  of  the  second  molaris  be  de- 
cayed, we  can  understand  why  the  corresponding  side  of  the 
third  should  become  carious,  without  having  recourse  either  to 
the  mysterious  agency  of  sympathy,  or  the  very  doubtful  hypo- 
thesis of  communication  by  contact, — especially  as  the  caries  ge- 
nerally begins  internally.  The  contiguous  sides  of  the  teeth  are 
situated  almost  identically,  as  regards  their  anatomical  elements; 
and,  consequently,  if  a  morbid  cause  affects  the  one,  the  other  is 
the  next  likely  to  suffer,  and  is  very  apt  to  do  so.  Extracting  the 
diseased  tooth  prevents  this,  because  it  removes  a  source  of  irrita- 
tion, which  could  not  but  act  in  a  manner  directly  injurious  on  the 
discharge  of  the  functions  of  the  tooth  next  to  it 

The  fact  of  the  sympathy  that  exists  between  organs  of  ana- 
logous structure  and  functions  is  familiar  to  every  patbolo^st. 
That  of  the  skin  and  mucous  membranes  is  the  most  intimate.  In 
every  exanthematous  disease,  the  danger  is  more  or  less  dependent 
upon  the  degree  of  affection  of  the  mucous  membranes;  and  the  di- 
rect rays  of  the  sun,  beaming  upon  the  body  in  warm  climates,  in- 
duce diarrhoea  and  dysentery. 

Acute  rheumatism  is  a  disease  of  the  fibrous  structures  of  the 
joints;  but  one  of  its  most  serious  extensions,  or  metastases,  which- 
soever they  may  be  called,  is  to  the  fibrous  structure  of  the  pericar- 
dium. Barthez,  a  most  respectable  writer,  gives  a  case  of  this 
kind  from  Theden  which  is  inexplicable,  and  probably  of  doubt- 
ful authenticity.  A  patient,  affected  with  paralysis  of  the  right 
arm,  applied  a  blister  to  it,  which  produced  no  effect,  but  acted  on 
the  corresponding  part  of  the  other  arm.  The  left  becoming  after- 
wards paralyzed,  a  blister  was  put  upon  it,  which  also  acted  upon 
the  other  arm,  not  on  the  one  to  which  it  was  applied! 

Owing  to  this  consent  of  parts,  Broussais  has  established  the 
pathological  law, — that  when  an  irritation  exists  for  a  long  time  in 
an  organ,  the  textures  that  are  analogous  to  the  one  which  is  dis- 
eased are  apt  to  contract  the  same  affections. 

As  examples  of  the  more  distant  kinds  of  sympathies,  we  may 
cite  the  effect,  produced  upon  the  stomach  by  distant  organs,  and 
vice  versa.  Amongst  the  earliest  signs  of  pregnancy  are  nausea 
and  vomiting;  loathing  of  food;  fastidious  appetite,  &c.  These 
symptoms  are  manifestly  induced  by  a  sympathetic  connexion  be- 
tween the  uterus  and  stomach;  inasmuch  as  they  are  not  adventi- 
tious, but  occur  more  or.  less  in  all  cases  of  pregnancy.  Their  ab- 
sence, at  least,  is  a  rare  exception  to  the  rule.  Hunger  or  dyspepsia, 
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igain,  impresses  a  degree  of  languor^ — mental  and  corporeal^ — 
which  is  proverbial^  whilst  the  reception  of  food  and  its  vigorous 
digestion  give  a  character  of  energy,  and  buoyancy,  greatly  con- 
trasting with  opposite  circumstances.  In  disease,  too,  we  find  sym- 
pathies existing  between  the  most  distant  portions  of  the  frame, 
and  although  these  are  not  apparent  to  us  in  health,  we  are  per- 
haps justified  in  considering,  that  an  occult  sympathy  exists  be- 
tween them  in  health,  which  only  becomes  largely  developed,  and 
obvious  to  us,  when  the  parts  are  afiected  with  disease.  It  is  pro- 
bable, too,  that  in  the  successive  evolution  of  organs  at  difierent 
f)eriod8  of  life,  new  sympathies  may  arise  which  did  not  previous- 
y  exist  or  were  not  observable.  The  changes  .that  supervene  in 
the  whole  economy  at  puberty  strikingly  illustrate  this;— <;hanges 
which  do  not  occur  in  those  who,  owing  to  malformation,  are  not 
possessed  of  the  essential  parts  of  the  reproductive  system,  or  who 
have  had  them  abstracted  prior  to  this  period.  i 

The  efleet  of  the  intellectual  and  moral  faculties  on  the  exercise 
of  the  functions  of  other  parts  is  strongly  evidenced,  especially  in 
disease.  The  influence  of  the  mind  over  the  body  is,  indeed,  a 
subject  which  demands  the  attention  of  every  pathologist. 

In  health,  we  notice  the  powerful  efiect  induced  by  the  afiective 
faculties  upon  every  function.  All  these  are  caused  by  sympa- 
thetic association  with  the  brain;  the  action  of  the  organs  being  in 
a  state  of  excitation  or  depression,  according  to  the  precise  charac- 
ter of  the  emotion.  The  intellectual  manifestations  probably  exert 
their  influence  in  a  manner  less  evident,  but  not  the  less  certain. 
The  efiects  of  one  of  them,  at  least,  on  the  bodily  functions  are  re- 
markable. We  allude  to  the  imagination;  to  which  we  can  as- 
ccibe  most  of  the  cures  that  are  said  to  have  been  efiected  by 
modes  of  management,-— often  of  the  most  disgusting  character, — 
which  have  been  from  time  to  time  in  vogue,  have  fretted  their 
hour  on  the  stage  and  then  sunk  into  that  insignificance  from 
which  they  ought  pever  to  have  emerged. 

We  have  had  occasion  to  allude  to  the  excited  imagination  of  the 
maniac,  the  hypochondriac,  and  the  nervous,  and  have  remarked, 
that  hallucinations  may  exist  in  those  of  sound  mind; — phantoms 
created  by  the  imagination;  pains  felt  in  various  bodily  organs, 
&c.;  and  we  can  hence  understand,  that,  under  particular  circum- 
stances, we  may  have  actual  disease  produced  in  this  manner;  and, 
at  other  times,  the  feeling,— which  may  be  as  distressing  to  the 
patient,— of  a  disease,  which  has  no  existence  except  in  the  ima- 
gination. It  is  to  the  efiect  produced  by  the  imagination  that  we 
must  ascribe  the  introduction  into  medicine  of  magic,  sorcery,  in- 
cantations, Perkinism,  Mesmerism,  Hohenlohism,  and  other  ofi*- 
springs  bf  superstition  or  knavery.  The  enthusiasm,  that  has  at- 
tended the  application  of  these  three  last  modes  of  acting  upon  the 
imagination  in  our  own  times,  is  most  extraordinary.  Perkinism, 
k  is  well  known,  is  the  product  of  our  own  soil.     Its  proposer. 
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Dr.  Eltsba  PERKnrs  of  Conneetieut,  \b  rqireoented  to  hare  been 
a  muL  of  strict  honour  and  integritT;  but  manifestljr  of  an  ardent 
imagination,  and  onbonnded  crednlity.    lanpreaaed  with  the  idea, 
that  metallie  sobatancea  misht  exert  aome  ageney  on  the  muadesy 
and  nerrea  of  anioiab,  and  be  inaervient  to  usefol  porpoaes  as  ex- 
ternal agents,  in  the  treatment  of  disease,  he  professed  to  inatitate 
Tarioos  experiments,  until  he  ultimately  fancied  he  had  discovered 
a  composition,  which  would  serve  his  purpose,  and  of  which  he 
formed  his  metallic  tractors.  These  consisted  of  two  instraments, 
one  having  the  appearance  of  steel,  the  other  of  brass.  They  were 
about  three  inches  long,  and  pointed  at  one  extremity;  and  the 
node  of  their  application  was  to  draw  the  points  over  the  afiected 
parts  in  a  downward  direction  for  about  twenty  minutes  each 
time.     The  effects  seemed  to  be  miraculoQS.     The  whole  class  of 
diseases  on  which  the  imagination  ia  known  to  exert  its  e£Bcaey; 
rheumatism;  local  pains  of  various  kinds,  and  in  various  parts;  pa- 
roxysms of  intermittents,  &.c.  &c  yielded  as  if  by  magic  The  ope- 
ration was  termed  Perkinism,  by  the  Faculty  of  Copenhagen,  in 
honour  of  the  discoverer;  and  institutions  were  formed  in  great 
Britain  and  elsewhere^  which  were,  for  a  time,  regarded  as  sources 
for  the  dispensation  of  health  to  multitudes  of  wretched  sufierers. 
Yet,  in  a  very  brief  space  of  time,  the  enthusiasm  and  the  institu- 
tions died  away;  and  no  one,  at  the  present  day,  believes,  that  the 
effect  was  any  thing  more  than  an  additional  case  showing  the  suc- 
cess, that  must  ever  follow,  for  a  time,  the  efforts  of  quackery;  and 
exhibiting  the  total  failure  of  the  same  agents,  when  deprived  of 
the  mystery  that  bad  previously  enthnlled  them.     Whilst  the  de- 
lusion, regarding  Perkinism  or  tractoration^vna  at  its  height, Dr. 
Hatoasth  determined  to  ascertain  how  far  the  effects  could  be  as- 
cribed to  the  power  of  the  imagination.     He,  accordingly,  formed 
pieces  of  wood  into  the  shape  of  tractors,  and  with  much  assmned' 
pomp  and  ceremony  applied  them  to  a  number  of  sick  persons, 
who  had  been  previously  prepared  to  expect  something  extraordi- 
nary.    He  not  only  employed  them  in  nervous  diseases,  but  in  all 
kinds  of  eases;  and  the  eflRscts  were  found  to  be  most  astonishing. 
Obstinate  pains  of  the  limbs  were  suddenly  cared.     Joints  that  had 
been  long  immovable,  were  restored  to  motion,  and  ^  in  short,^' 
says  Dr.  Bostook,  <' except  the  renewal  of  lost  parts,  or  the  ckan^ 
of  mechanical  structure,  nothing  seemed  beyond  their  power  to 
accomplish. '' 

The  history  of  these  operations  leads  us  to  be  still  more  impress- 
ed with  the  extensive  influence,  that  may  be  exerted  by  the  mind 
over  the  body:  they  teach  the  practitioner  the  importance  of 
having  its  co-operation,  whenever  it  can  be  procured;  and  the  dis- 
advantages which  he  may  expect  to  ensue,  where  the  imagination  is 
either  arrayed  against  himself  personally,  or  the  plan  of  treatment 
which  he  is  adopting.  The  physician,  who  has  the  ccmfidesce  of 
his  patiefl^  will  be*succes8ful-4f  he  adopt  precisely  the  same  plan 
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of  treatmeDt  that  would  be  pursued  by  one  who  has  it  not — in 
cases  wh^re  tlie  latter  would  totally  fail. 

Agaioy  pathology  is  invoked  as  afifording  us  perhaps  the  best 
'  evidences  of  the  existence  of  extensive  sympathetic  relations  be- 

'  tween  various  parts  of  the  frame,  which  are  supposed  to  be  con- 

stantly going  on  unseen  during  health,  but  become  developed,  and 
more  obvious,  in  disease.  The  case,  we  have  previously  given^  of 
the  general  effects  produced  upon  the  system  by  local  irritation  of 
a  part,  shows  the  extent  of  such  association.  An  insignificant  portion 
of  the  body  may  become  inflamed,and,if  the  inflammation  continues^ 
the  stomach  is  disordered, — as  indicated  by  loss  of  appetite,  nausea 
and  vomiting;  the  respiration  is  hurried,  as  well  as  the  circulation: — 
the  senses  are  blunted;  the  intellectual  and  moral  faculties  obssured; 
and  languor  and  lassitude  indicate  the  nervous  irritation  and  con- 
straint 

The  moral  consideration  of  sympathy  does  not  concern  us.     It 
is  a  subject, — and  one  of  interest  to  the  moral  philosopher, — to  ao- 
I  count  not  only  for  these  secret  causes  which  attract  individuals  to- 

wards each  other,  but  which  repel  them,  and  occasion  antipathies. 
I  To  a  certain  extent,  however,  it  trends  into  the  province  of  the 

i  physiologist     The  tender,  susceptible  individual,  from  observing 

another  suffering  under  pain,  feels  as  if  labouring  under  the  same 
I  inconvenience,  and  by  a  very  rapid,  yet  complex,  intellectual 

I  process,  constituted  of  numerous  associations,  may  be  so  powerful- 

ly impressed  as  to  sink  under  their  influence; — thus,  the  sight  of 
[  blood  will  so  powerfully  impress  the  mind,  in  this  sympathetic 

I  manner,  that  the  individual  may  faint,  and  the  vital  functions 

I  be  for  a  time  suspended.     The  sight  and  suffering  of  a  woman  in 

I  labour  will  cause  abortion  in  another;  and  hence  the  propriety  of 

j  excluding  those,  who  are  pregnant,  from  the  chamber  of  the  par- 

,  turient  female.     Hysteric  and  convulsive  paroxysms  are  induced 

j  in  a  similar  way;  of  which  the  convulsionnaires  of  all  times 

f  must  be  regarded  as  affording  singular  and  instructive  examples. 

J  Lastly;  the  mysterious  consent,   which  we  observe  between 

I  various  parts  of  the  body,  has  given  rise  to  some  of  the  most  strange 

,  and  absurd  superstitions  that  can  be  imagined. 

It  was  believed,  for  instance,  almost  universally  in  the  15th  cen- 
tury, that  an  intimate  sympathy  exists,  not  only  between  parts  of 
a  body  forming  portions  of  one  whole,  but  also  between  any  sub- 
stance that  had  previously  formed  part  of  a  body  and  the  body 
itself:  that  if,  for  example,  a  piece  of  flesh  was  sliced  from  the  arm 
of  one  person  and  made  to  unite  to  that  of  another,  the  graft- 
ed portion  would  accurately  sympathize  with  the  body  of  which 
it  had  previously  formed  part,  and  undergo  decay  and  death  along 
with  it;  and  it  was  even  proposed  to  turn  this  sympathy  to  account 
It  was  recommended,  for  instance,  that  the  alphabet  should  bo 
traced  on  the  ingrafted  portion;  and  it  was  ailirmed,  that  when  any 
of  the  letters,  so  traced,  were  touched,  the  party  from  whom  the 
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piece  of  flesh  had  been  taken  would  feel  similar  impressions;  so 
that^  in  this  manner,  a  correspondence  might  be  maintained. 

Some  went  even  farther  than  this,  asserting,  that  such  a  miracu- 
lous sympathy  exists  between  the  human  body  and  all  that  has 
previously  formed  part  of  it,  that  if  we  were  to  run  a  hot  iron 
into  the  excrement  of  any  person,  he  would  feel  a  sensation  of 
burning  in  the  part,  whence  it  had  proceeded. 

It  was  also  a  notion  that  grafts  of  flesh,  united  to  another  body, 
die  when  the  person  dies  from  whom  they  have  been  taken.  In 
a  recent  work  on  animal  magnetism,  the  case  of  a  man  at  Brus^ls 
is  given,  who  had  an  artificial  nose,  formed  after  the  old  Taliaco- 
tian  method,  which  served  every  useful  purpose,  until  the  per- 
son, from  whom  the  graft  had  been  taken,  died,  when  it  suddenly 
became  cold  and  livid  and  finally  fell  ofi*.  Taoliacozzi  himself 
lived  in  an  era  of  superstition,  when  this  belief  in  the  synchronous 
death  of  the  parent  and  graft  was  universally  credited;  and  the  folly 
has  not  escaped  the  notice  of  Butler: — 

"  So  learned  Tauacotius  firom 
The  brawny  part  of  porter's  bum, 
Cut  supplemental  noses  which 
Would  last  as  long  as  parent  breech; 
But  when  the  date  of  nock  was  out. 
Oft  dropped  the  ^rmpathetic  snoot" 

Little  less  singular  was  the  superstition, — that  the  wounds  of  a 
murdered  person  will  bleed  afresh,  if  the  body  be  touched,  ever 
so  lightly  in  any  part  by  the  murderer.  This  idea  gave  rise  to  the 
trial  by  bier-right^  which  has  been  worked  up  by  Sir  Walter 
Scott  with  so  much  dramatic  skill,  in  one  of  his  more  recent  no- 
vels—«S/.  Valentine^ s  day^  or  the  Fair  Maid  qf  Perth.  The  an- 
nals of  judicial  inquiry  fbrnish  us  with  many  instances  of  this  gross 
superstition,  which  still  exists  amongst  the  lower  orders  in  some 
parts  of  Great  Britain,  and  probably  also  amongst  the  credulous 
and  uninformed  of  this  country. 

In  the  year  1688,  a  gentleman,  of  the  name  of  Stanspibld,  was 
tried  at  Edinburgh  for  the  murder  of  his  own  father,  and  found 
guilty.  Having  strangled  him,  he  caused  the  body  to  be  thrown 
into  water,  to  have  it  supposed  that  the  death  had  been  by 
suicide.  The  appearances  about  the  corpse,  however,  were  such, 
that  both  the  faculty  of  physic  and  that  of  surgery  gave  it  as  their 
opinion  that  the  deceased  had  been  strangled  and  not  drowned.  The 
indictment  in  the  case,  amongst  other  things,  remarks: — "That 

upon  the day  of  November  last,  the  said  Sir  James  Staks- 

FiELD,  coming  from  Edinburgh  to  his  house  at  New  Milns,  and 
going  into  his  chamber  to  rest,  about  ten  o^clock  at  night,  and  be- 
ing alone  in  the  room,  under  the  credit,  trust,  and  assurance  of  the 
said  Philip  his  son,  and  his  own  servants  within  his  family;  the 
said  Philip  did  consult  with  one  George  Tomson  and  divers 
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other  persons  how  to  murder  him ;  and  that,  accordingly,  they 
did  murder  and  strangle  him  in  his  bed-chamber;  and,  in  the  dead 
of  night,  carried  him  from  the  said  room,  and  threw  him  into  a 
pond  near  the  house.  That  the  next  morning,  when  the  body  was 
found,  the  said  Philip  caused  it  to  be  buried  in  haste,  and  refused 
to  stay  till  his  friends  and  physicians  viewed  it  That  the  body, 
being  taken  up  again  by  authority,  and  inspected  by  surgeons,  it 
appeared  to  have  been  strangled  and  not  drowned;  and  that  his 
nearest  relations  being  required  to  lift  the  corpse  into  the  coffin 
afler  it  had  been  inspected;  upon  the  said  Philip  Stahsfield 
touching  of  it  (^accoitling  to  God's  usual  method  of  discovering 
murder,'  says  the  framer  of  the  indictment)  it  bled  afresh  upon 
the  said  Philip,  and  that  thereupon  he  let  the  body  fall,  and  fled 
from  it  in  the  greatest  consternation ;  crying, — ^Lord,  have  mercy 
upon  me!  And  that  the  said  Philip  being  found  by  an  assize  to  be 
actor,  art  and  part  of  the  aforesaid  crimes,  one  or  other  of  them, 
he  ought  to  be  punished,  &c  &c.''  On  this  portion  of  the  indict- 
ment, the  King's  advocate  remarked : — *^  That  as  to  the  body  bleed- 
ing, although  several  persons  touched  it,  none  of  their  hands  were 
besmeared  with  blood  but  the  prisoner's;  and  that  the  body  hav- 
ing lain  two  days  in  the  grave,  in  a  cold  season,  the  blood  must 
naturally  be  congealed.  That  the  lifting  about  the  body,  and  even 
the  incision  that  was  made,  causing  no  such  efiiision  before,  but 
only  of  some  water  or  gore,  and  should  upon  the  prisoner's  first 
touching  it  begin  to  bleed  afresh !  he  must  ascribe  it  to  the  won- 
derful providence  of  God,  who,  in  this  manner,  discovers  murder, 
especidly  since  no  natural  reason  could  be  assigned  for  it;  and  that 
the  horrible  impressions  it  made  on  the  prisoner,  notwithstanding 
his  resolution  to  the  contrary,  might  be  urged  as  another  argument 
of  his  guilt" 

A  case  of  a  similar  character  is  given  in  the  •Annual  Register 
for  1767,  as  having  occurred  in  our  own  country.  It  is  contained 
in  the  attestation  of  John  Demarest,  coroner  of  Bergen  County, 
New  Jersey.  The  superstition,  too,  is  noticed  by  many  of  the 
older  poets.  Thus,  Shaxxspeahx,  in  his  Richard  III: — 

**  O!  gentlemen^  see,  see!  dead  HxvmT's  wounds 
Open  their  consfcal'd  mouths,  and  bleed  afresh! 
Blu^9  blush,  thou  lump  of  foul  deformity; 
For  'tis  U17  presence  that  exhales  this  blood.'' 

And  Webster,  in  his  tragedy  ot^Sppius  and  Virginia,  publish* 
ed  about  the  middle  of  the  17th  century: — 

"See 
Her  ¥rounds  still  bleeding^  at  the  horrid  presence 
Of  yon  stem  murderer,  till  she  find  revenge." 

It  would  be  endless  to  enumerate  the  various  superstitions  that 
prevailed,  a  few  centuries  ago,  on  topics  more  or  less  remotely 
Vol.  II.  56 


443  COHRELATIOM   OF   rffNCTIOKS- 

connected  with  this  subject  We  pass  on,  therefore,  to  the  interest- 
ing,  but  abstruse,  inquiry  into  the  agents  by  which  sympathy  » 

accomplished.  ^  .        ^    x*  -*  j 

The  opinions  of  physiologists  have,  from  time  to  tunc,  rested 
chieay;— on  the  membranes,  the  cellular  tissue,  the  blood-vessels, 
and  the  nerves;  whiUt  there  have  been  some,  who,  in  the  difliculty 
of  the  subject,  have  supposed  sympathy  to  be  devoid  of  all  organic 
connexion;  and  others,  again,  have  presumed,  that  all  Ihepar^ 
we  have  mentioned,  are  concerned.  The  rapidity,  however,  with 
which  sympathies  are  evidenced,  has  led  to  the  abandonment  or 
all  those  opinions;  and  the  generality  of  physiologists  of  the  pre- 
sent  day  look  to  the  nervous  system  as  the  great  source  »tid  m^ 
dium  of  communicaUon  of  the  diflferent  irradiations,  by  which  dis- 
Unt  organs  are  supposed  to  react,  in  this  manner,  upon  ^ch  other. 
The  rapidity,  indeed,  with  which  the  various  actions  of  the  ner- 
vous  system  are  executed,— the  apparent  synchronism  between 
the  reception  of  an  impression  on  an  organ  of  sense,  and  its  p^- 
ccpUon  by  the  brain,  as  well  as  between  the  determinaUon  of  the 
wiU  and  iU  effect  upon  the  muscle,— naturally  attracted  the  atten- 
Uon  of  physiologists  to  this  system  as  the  instrument  of  sym- 
pathy. 1.  L   J 

The  modes,  in  which  it  is  supposed  to  be  accompbshcd,  are: — 
either  by  the  parts,  that  sympathize,  receiving  ramiacations  Irom 
the  same  nervous  trunks,  or  from  such  as  are  united  by  nervous 
anastomosis;  or  by  the  nervous  irradiation  emanating  from  one  or- 

San,  pi)aceeding  to  the  brain,  and  being  thence  reflected  to  every 
ependency  of  the  system,  but  so  that  cerUin  organs  are  more  mo- 
dified by  such  reflecUon  than  others;  hence  the  disUnction  into 
what  have  been  termed  direct  sympathies  and  cerebral  st/mpa- 

thies.  '  . 

Of  the  direct  sympathies  we  have  ahready  given  some  exaniples, 
— as  that  between  the  mucous  and  muscular  coats  of  the  inte^ 
tines;  and  if  our  acquainUnce  with  the  precise  distribution  and 
connexion  of  the  various  parts  of  the  nervous  system  were  more 
intimate,  we  might  perhaps  explain  many  of  the  cases  that  are  yet 
quite  obscure  to  us.  The  researches  of  Sir  Charles  Bell,  re- 
garding the  nerves  concerned  in  respiration,  have  thrown  great 
fight  on  those  associations  of  organs  which  we  notice  in  the  acUye 
exercise  of  the  respiratory  function.  It  has  been  elsewhere  shown, 
that  although  the  whole  of  the  nerves,  composing  his  respiratory 
system,  may  not  be  apparently  in  action  during  ordinary  respira- 
tion, yet  that  when  the  function  has  been  greatly  excited,  the  as- 
sociation becomes  obvious ;  parts,  that  are  remote  in  situation,  are 
combined  in  function,  and  all  the  nerves  that  animate  them  are 
found  to  arise  from  the  same  column  of  the  spine.  The  opinion  of 
BoERHAAVE,  Meckel,  and  some  others  is,  that  all  sympathies  are 
accomplished  in  this  direct  manner.  On  the  other  hand,  Haller> 
Whttt,  Georoet,  Broussais,  Adelon,  and  others,  make  the 
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majority  of  sympathies  to  be  produced  through  the  medium  of 
the  brain.  Bostock  indeed  affirms,  that  the  facts,  adduced  by 
Whytt,  are  of  such  a  nature  as  ^^  to  prove,  that  the  co-operation 
of  the  brain  is  essential  in  those  actions  which  we  refer  to  the  ope- 
ration of  sympathy .''  In  many  cases  this  is  doubtless  the  fact; — as 
in  sneezing  and  coughing;  but  there  are  others  in  which  such  co- 
operation seems  improbable.  Something  like  sympathy  exists  in 
the  vegetable;  in  which  if  we  admit,  with  some  naturalists,  a  ru- 
dimental  nervous  system,  we  have  no  reason  for  presuming  that 
there  is  any  thing  like  a  centre  for  the  reception  or  transmission 
of  impressions. 

We  find  that  the  properties  of  the  vital  principle  are  exemplified 
by  the, formation  of  a  body  of  a  certain  magnitude,  form,  structure, 
composition  and  duration,  and  that  this  applies  to  all  organized  bo- 
dies, vegetable  as  well  as  animal.  Where  such  appearance  of  de- 
sign consequently  exists,  we  ought  to  expect  that  in  the  vegetable, 
also,  a  harmony  or  consent  must  reign  amongst  the  various  func- 
tions, tending  to  the  accomplishment  of  that  uniformity,  which 
enables  us  always  to  recognise  the  particular  varieties  of  the  vege- 
table kingdom,  and  which  has  kept  them  as  distinct,  probably,  in 
their  characters,  as  when  first  created  by  Almighty  power.  The 
irritation  of  a  single  leaflet  of  the  Mimosa  pudica  or  sensitive 
plant  causes  the  whole  leaf,  as  well  as  the  footstalk,  to  contract. 
Dr.  John  Sims  irritated  a  leaflet  of  this  plant,  taking  the  greatest 
pains  to  avoid  moving  any  other  part  of  the  leaf;  yet  the  whole 
contracted  and  the  footstalk  dropped.  In  order,  however,  to  be 
sure,  that  mechanical  motion,  communicated  by  the  irritation,  had 
no  share  in  the  contraction,  he  directed  a  sunbeam,  concentrated  by  a 
leps,  on  one  of  the  leaflets,  when  the  leaf,  again,  contracted  and  the 
footstalk  dropped.  Of  this  kind  of  vegetable  irritability  we  have 
many  examples,  some  of  which  are  alluded  to  under  another 
bead.  If,  in  the  winter,  the  branch  of  a  vine  be  introduced  into  a 
hothouse,  it  will  produce  a  luxuriant  crop  of  leaves,  blossoms  and 
fruit,  the  materials  of  which  can  only  be  derived  from  the  ex- 
citement of  the  roots  produced  by  sympathy  with  the  parts  ex- 
posed to  the  warm  air:  this  will  take  place  even  during  a  frost,  in 
which  situation  the  roots  would  have  been  in  a  torpid  state,  but  for 
the  sympathetic  influence  developed  in  the  parts  above  ground  by 
warmth.  From  these,  and  other  facts  of  an  analogous  character. 
Sir  Gilbert  Blanb  concludes,  that  the  functions  of  living  nature, 
in  all  its  departments,  are  kept  up  by  a  mutual  concert  and  corres- 
pondent accordance  of  every  part  with  every  other  part,  and  that 
it  would  be  in  vain  to  waste  time  in  endeavouring  to  account  for 
them  by  groping  among  dark  analogies  and  conjectures ;  and  that 
it  is  better  to  assume  them  as  facts,  on  which  are  founded  the  ulti- 
mate and  inscrutable  principles  of  the  animal  economy.  We  have, 
certainly,  much  to  learn  regarding  the  agents  of  sympathies,  and 
the  modes  in  which  they  are  operated ;  but  still  we  know  enough 
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to  infer,  that  in  many  cases,  in  animals,  the  nerves  appear  to  be  the 
conductors ;  that  the  brain  is,  in  others,  the  centre  to  which  the 
organ  in  action  transmits  its  irradiations,  and  hj  which  they  are  re- 
flected to  tfie  sympathizing  organ ;  and  that,  in  others  again,  the  effect 
is  caused  in  the  absence  of  nervous  centre,  and  perhaps  even  of 
nerves,  in  a  manner  which,  in  the  present  state  of  our  knowledge, 
is  inexplicable,  and  is,  therefore,  supposed  to  be  essentially  or^ 
ganic  and  vitaly — epithets,  however,  as  we  have  more  than  once 
expressed,  that  merdy  convey  a  confession  of  our  total  ignoraoce 
of  the  processes  to  which  they  are  appropriated. 
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OP  INDIVIDUAL  DIFFERENCES  AMONGST  MAN- 

KIND. 

The  differences,  which  we  observe  amongst  the  individuals  of 
the  great  human  family,  are  as  numerous  as  the  individuals  them* 
selves;  but  this  dissimilarity  is  not  confined  to  man  or  to  the  ani- 
mal kingdom;  the  vegetable  exhibits  the  same;  for  whilst  we  can 
readily  refer  any  plant  to  the  species  and  variety  to  which  it  may 
have  been  assigned  by  the  botanist^  accurate  inspection  shows  us, 
that,  in  the  precise  arrangement  of  the  stalk,  branches,  leaves,  or 
flowers,  no  two  are  exactly  alike.  We  shall  not,  however,  dwell 
on  these  trifling  points  of  difference,  but  restrict  ourselves  to  the 
broad  lines  of  distinction,  that  can  be  easily  observed,  and  an  at- 
tention to  which  is  of  some  moment  to  the  physician.  Such  are  the 
ternperaments^  constitutions f  idiosyncrasies  J  acquired  differences^ 
and  the  varieties  of  the  human  species  or  the  different  races  of 
mankind.  Of  these,  the  last  belongs  especially  to  the  natural  his- 
torian, and  consequently  will  be  but  briefly  noticed. 

Sect.  I.  Of  the  Tebipeeaments. 

The  temperaments  are  defined  to  be, — ^those  individual  differences, 
which  consist  in  such  disproportion  of  parts,  as  regards  volume  and 
activity,  as  to  sensibly  modify  the  whole  organism,  but  without  in- 
terfering with  the  health.  The  temperament  is,  consequently,  a 
physiological  condition,  in  which  the  action  of  the  different  func- 
tions is  so  tempered  2B  to  communicate  certain  characteristics,  which 
may  be  referable  to  one  of  a  few  divisions.  These  divisions  are  by 
no  means  the  same  in  all  physiological  treatises.  The  ancients  ge- 
nerally admitted  four,— denominated  from  the  respective  fluids  or 
humours,  the  superabundance  of  which  in  the  economy  was  sup- 
posed to  produce  them; — ^the  sanguineoitSy  caused  by  a  surplus  of 
blood;  the  bilious  or  choleric,  produced  by  a  surplus  of  yellow  bile; 
the  phlegmatic,  caused  by  a  surplus  of  phlegm,  lymph,  or  fine  wa- 
tery fluid,  derived  from  the  brain ;  and  the  atrabiliary  or  melan' 
cholicy  produced  by  a  surplus  of  black  bile, — the  supposed  secretion 
of  the  atrabiliary  capsules  and  spleen. 

This  division  was  continued  for  ages  without  modification,  and  still 
prevails,  with  one  or  more  additions^  genera.  The  epithets  have  been 
retained  in  popular  language  without  our  being  aware  of  their  parent- 
age. For  example,  we  speak  of  a  sanguine,  choleric,  phlegmatic,  or 
melancholic  individual  or  turn  of  mind,  with  precisely  the  acceptation 
given  to  them  by  theHippocratic  school, — ^the  possessors  of  these  tern- 
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Eeraments  being  presumed  to  be,  respectively,  full  of  high  hope  and 
uojrancy;  naturally  irascible,  dull  and  sluggish;  or  gloomy  and  low- 
spirited.  Metzgsr  admits  only  two, — thetrrf7ai/e,(reizbare,)  and 
the  dull  or  phlegmatic^  (tr&ge.)  Wrisbero  eight, — the  sanguine^ 
sanguineihcholeriCf  choleric^  hypochondriac^  melancholic,  bceo- 
Han,  meekj  (sanf tmQthige,)  and  the  dull  ot phlegmatic,  fiu- 
DOLPHi  also  eight, — the  strong  or  normal,  the  rude,  athletic  or 
bceotian,  the  lively,  the  restless,  the  meek,  the  phlegmatic  or  dull^ 
the  timorous,  and  the  melancholic; — whilst  Broussais  enumerates 
the  gastric,  bilious,  sanguine,  lymphatico^anguineotts,  anemtCf 
nervous,  bilioso^anguine,  nervoso-sanguine,  and  melancholies 

It  is  obvious,  that  if  we  were  to  apply  an  epithet  to  the  possible 
modifications,  caused  by  every  apparatus  of  organs,  the  number 
might  be  extended  much  beyond  any  of  these.  Perhaps  the  divi- 
sion most  generally  adopted  is  that  embraced  by  Richerand,  who 
has  embodied  considerable  animation,  with  much  that  is  fanciful,  in 
his  description.  In  this  division,  the  ancient  terms  have  been  re- 
tained, whilst  the  erroneous  physiological  basis,  on  which  they 
rested,  has  been  discarded.  A  short  account  of  these  temperaments 
is  necessary,  rather  for  the  purpose  of  exhibiting  what  has  been 
and  is  still  thought  by  many  physiologists,  than  for  attesting  (he 
reality  of  many  of  the  notions  that  are  mixed  up  with  the  subject. 
With  this  view,  the  temperaments  may  be  divided  into  the  san- 
guine, the  bilious  or  choleric,  the  melancholic,  the  phlegmatic, 
and  the  nervous. 

1.  The  sanguine  temperament  This  is  supposed  to  be  depen- 
dent upon  a  predominance  of  the  circulatory  system;  and  hence  is 
considered  to  be  characterized  by  strong,  frequent,  and  r^ular 
pulse;  ruddy  complexion;  animated  countenance;  good  shape,  al- 
though distinctly  marked;  firm  flesh;  light  hair;  fair  skin;  blue 
eyes;  great  nervous  susceptibility,  attended  with  rapid  successibi- 
liti,  as  the  French  term  it;  that  is, — facility  of  being  impressed  by 
external  objects  and  of  passing  rapidly  from  one  idea  to  another; 
quick  conception;  ready  memory;  lively  imagination;  addicted  to 
the  pleasures  of  the  table;  and  amorous.  The  diseases  of  the  tem- 
perament are  generally  violent;  and  are  chiefly  seated  in  the  cir- 
culatory system, — as  fever,  inflammations  and  hemorrhages. 

The  physical  traits  of  this  temperament,  according  to  Richerani), 
are  to  be  found  in  the  statues  of  Antinous  and  the  Apollo  Bsl- 
viDERs:  the  moral  physiognomy  is  depicted  in  the  lives  of  Mark 
Antony  and  Alcibiades.  In  Bacchus,  both  the  forms  and  the 
character  are  found;  and  no  one,  in  modem  times,  in  M.  Richs- 
ranb's  opinion,  can  be  found  to  exhibit  a  more  perfect  model  of 
it  than  the  celebrated  Duke  De  Richelieu;^— amiable,  fortunate 
and  valorous,  but  light  and  inconstant  to  the  termination  of  his 
brilliant  career. 

If  individuals  of  this  temperament  apply  themselves  to  labours 
of  any  kind^  that  cause  the  muscles  to  be  greatly  exerted,  these 
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organs  become  largely  developed,  and  a  subdivison  of  the  sanguine 
temperament  is  formed,  which  has  been  called  the  muscukn*  or 
athletic  This  is  characterized  by  all  the  outward  signs  of  strength; 
the  head  is  small;  the  neck  strong;  the  shoulders  broad;  the  chest 
large;  the  hips  solid;  the  muscles  prominent,  and  the  interstices 
well  marked.  The  joints,  and  parts  not  covered  with  muscles,  seem 
small;  and  the  tendons  are  easily  distinguished  through  the  skin,  by 
their  prominence.  The  susceptibility  to  external  impressions  is  not 
great;  the  individual  is  not  easily  roused;  but  when  he  is,  he  is 
almost  indomitable.  A  combination  of  the  physical  powers,  im- 
plied by  this  temperament,  with  strong  intellect,  is  rarely  met 
with. 

The  Farnesian  Hercules  is  conceived  to  offer  one  of  the  best 
specimens  of  the  physical  attributes  of  the  athletic  temperament. 

2.  The  bilious  or  choleric  temperament.  This  is  presumed  to  be 
produced  by  a  predominance  of  the  liver  and  biliary  organs  in  gene- 
ral. The  pulse  is  strong,  hard,  and  frequent;  the  subcutaneous 
veins  are  prominent;  the  skin  is  of  a  brown  colour,inclining  to  yellow; 
hair  dark;  body  moderately  fleshy;  muscles  firm  and  well-marked; 
the  passions  violent,  and  easily  excited;  the  temper  abrupt  and  im- 
petuous; great  firmness  and  inflexibility  of  character;  boldness  in 
the  conception  of  projects,  and  untiring  perseverance  in  their  ful- 
filment It  is  amongst  the  possessors  of  this  temperament  that  the 
greatest  virtues  and  the  greatest  crimes  are  met  with.  Richerand 
enumerates  Alexander,  Julius  Cibsar,  Brutus,  Mahomet,  . 
CharlesXII,  Peter  the  6reat,CR0MWELL,  SextusY,  and  the  Car- 
dinal Richelieu.  To  these  Good  has  added,  Attila,  Charle- 
magne, Tamerlane,  Richard  III,  Nadir  Shah,  and  Napoleon. 

The  moral  faculties  are  early  developed ;  so  that  vast  enterprises 
may  be  conceived  and  executed  at  an  age  when  the  mind  is  ordi- 
narily far  from  being  matured.  The  diseases  are  generally  com- 
bined with  more  or  less  derangement  of  the  hepatic  system.  The 
whole  of  the  characters,  however,  indicate  that  an  excited  state 
of  the  sanguiferous  system  accompanies  that  of  the  biliary  organs; 
so  that  the  epithei-^^holericO'Sanguine — might,  with  more  pro- 
priety, be  applied  to  it  Where  this  vascular  predominance  does 
not  exist,  whilst  derangement  is  present  in  some  of  the  abdomi- 
nal organs,  or  in  the  nervous  system,  we  have  the  next  genus  pro- 
duced. 

3.  Melancholic  or  atrabilious  temperament.  Here  the  vital 
functions  are  feebly  or  irregularly  performed;  the  skin  assumes  a 
deeper  hue;  the  countenance  is^llow  and  sad;  the  bowels  are  tor- 
pid, and  all  the  excretions  tardy;  the  pulse  is  hard  and  habitually 
contracted;  the  imagination  is  gloomy,  and  the  temper  suspicious. 
The  characters  of  Tiberius  and  of  Louis  XI,  are  considered  to  be 
instances  of  the  predominance  of  this  temperament;  and,  in  addition 
to  these,  Richerand  has  enumerated  Tasso,  Pascal,  Gilbert^ 
Zimmsrmann^  and  Jean  Jachuss  Rousseau. 


448  DTDIVIDUAL  OIVfBRXllCES. 

4,  The  phlegtnatiCf  fymphatic  or  pihdtoiu  tempertnneni.  In 
this  ease,  the  proportion  of  Uie  fluids  is  conceived  to  be  too  great 
for  that  of  the  solids;  the  secretory  system  appearing  to  be  aetiye, 
whilst  the  absorbent  system  does  not  act  so  eneigeti^dly  as  to  ]»«- 
Tent  the  cellular  texture  from  being  filled  with  the  humours.  The 
characteristics  of  this  temperament  are: — soft  flesh;  pale  skin;  fair 
hair;  weak,  slow  and  soft  pulse;  figure  rounded,  but  inexpressive; 
the  vital  actions  more  or  less  lanzuid;  the  memory  by  no  means 
tenacious,  and  the  attention  vacillating;  with  aversion  to  both  men- 
tal and  corporeal  exertion. 

PoHPONius  Atticus — the  friend  of  Cicero — is  ofiered  as  an  ex- 
ample of  this  temperament,  in  ancient  times;  Montaigne  in  more 
recent  history.  The  latter,  however,  possessed  much  of  the  ner- 
vous susceptibility  that  characterizes  the  more  lively  temperaments. 
Dr.  Good  suggests  the  Emperor  Theodosius  as  an  example  in  ear^ 
lier  times;  and  Charles  IY,  of  Spain, — ^who  resigned  himself  almost 
wholly  into  the  hands  of  Gtodot; — Augustus,  King  of  Saxony,  who 
equally  resigned  himself  into  the  hands  of  Napoleon,— 4ind  Fer- 
dinand of  Sicily,  who  surrendered  for  a  time  the  government  of 
his  people  to  the  British, — as  instances  in  our  own  day.  It  would 
not  be  difficult  to  find,  amongst  the  crowned  heads  of  JSurope, 
others  that  are  equally  entitled  to  be  placed  amongst  these  wor- 
thies. 

5.  The  nervous  temperament  Here  the  nervous  system  is  greatly 
predominant;  the  susceptibility  to  excitement  from  external  impres- 
sions being  unusually  developed.  Like  the  melandiolic  tempera- 
ment, this  is,  however,  seldom  natural  or  primitive.  It  is  morbid 
or  secondary,  being  induced  by  sedentary  life,  sexual  indulgence, 
or  morbid  excitement  of  the  imagination,  from  any  cause.  It  is 
characterized  by  small,  soft,  and,  as  it  were,  wasted  musdes;  and 
generally,  although  not  always,  by  a  slender  form;  great  vividness 
of  sensation;  and  promptitude  and  fickleness  of  resolution  and 
judgment  This  temperament  is  frequently  combined  with  some 
of  the  others.  The  diseases,  .that  are  chiefly  incident  to  it,  are  of 
the  hysterical  and  convulsive  kind;  or  those  to  which  the  epithet 
nervous  is  usually  appropriated.  Voltaire,  and  Fredbeick 
the  Great  are  given  by  Richerand  as  examples  of  this  tempera- 
ment. 

Such  are  the  temperaments,  described  by  most  writers.  The 
slightest  attention  to  their  reputed  characteristics  will  show  the  im- 
perfection of  their  definition  and  demarcation;  so  imperfect,  indeed, 
that  it  is  extremely  rare  for  us  to  meet  with  an  individual,  whom  we 
could  unhesitatingly  refer  to  any  one  of  them.  They  are  also  sus- 
ceptible of  important  modifications  by  climate,  education,  &e,,  and 
may  be  so  combined  as  to  constitute  innumerable  shades.  The  man 
of  the  strongest  sanguine  characteristics  may,  by  misfortune,  assume 
all  those  that  are  looked  upon  as  the  indexes  of  the  melancboUc  or 
atrabilious;  and  the  activity  and  impetuosity  of  the  bilious  tempera- 
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menti  may,  by  slothful  indulgence/ be  converted  into  the  lym- 
phatic or  phl^matic.  It  is  doubtful^  and  more  than  doubtful,  also^ 
whether  any  of  the  mental  characteristics,  assigned  to  th^  tempe- 
raments, are  dependent  upon  them.  The  brain,  we  have  elsewhere 
seen,  is  the  organ  of  the  mental  and  moral  manifestations;  and 
although  we  may  look  upon  the  temperaments  as  capable  of  modi- 
fying its  activity,  they  cannot  probably  affect  the  degree  of  perfec- 
tion of  the  intellect; — its  strength  being  altogether  dependent  upon 
cerebral  conformation.  It  is  even  doubtful  whether  the  tempera- 
ments  can  interfere  with  the  actiyity  of  the  cerebral  functions.  In 
disease  of  the  hepatic,  gastric  or  other  viscera  we  certainly  see  a 
degree  of  mental  depression  and  diminished  power  of  the  whole 
nervous  system;  but  this  is  the  effect  •f  a  morbid  condition,  and 
continues  only  so  long  as  such  morbid  condition  endures.  Nor  is 
it  probable,  that  any  predominance  of  the  nutritive  functions  could* 
induce  a  permanent  influence  on  the  cerebral  manifestations.  What- 
ever might  be  the  effect  for  a  while,  the  nervous  system  would 
ultimately  resume  the  ordinary  action  which  befitted  its  primitive 
organization.  Similar  arguments  to  those  have  induced  M. 
Georget^— a  young  physician  of  great  promise  and  experience  in 
mental  affections,  now  no  more, — to  consider  the  whole  doctrine  of 
the  temperaments  as  a  superstition  connected  with  the  humoral  pa- 
thology, and  to  believe^  that  the  brain  alone,  amongst  the  organs, 
has  the  power,  by  reason  of  its  predominance  or  inferiority,  to  mo- 
dify the  whole  economy. 

That  a  difference  of  organization  exists  in  different  individuals  is 
obvious;  it  is  upon  this  that  differences  in  constitution  are  de- 
pendent; but  that  there  is  an  arrangement  of  the  nutritive  organs 
or  apparatuses,  which  impresses  upon  individuals  all  those  mental  and 
other  modifications  known  under  the  name  of  temperaments,  is,  we 
think,  su£Sciently  doubtful. 

The  constitution  of  an  individual  is  the  mode  of  organization 
proper  to  him.  A  man,  for  example,  is  said  to  have  a  robust,  or  a 
delicate,  or  a  good,  or  a  bad  constitution,  when  he  is  apparently 
strong  or  feeble,  usually  in  good  health,  or  liable  to  frequent  at- 
tacks of  disease.  The  varieties  in  constitution  are,  therefore,  as  nu- 
merous as  the  individuals  theinselves.  A  strong  constitution  is  con- 
sidered to  be  dependent  upon  the  due  development  of  the  principal 
organs  of  the  body,  on  a  happy  proportion  between  those  organs, 
and  on  a  fit  state  of  energy  of  the  nervous  system;  whilst  the  feeble 
or  weak  constitution  results  from  a  want  of  these  postulates.  Our 
knowledge,  however,  of  these  topics,  is  extremely  limited,  and  con*- 
cerns  the  pathologist  more  than  the  physiologist 

Sect.  II. — Of  Idiosyncrasy. 

The  word  idiosyncrcuy  is  used,  by  many  physiologists,  synony- 
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modsly  with  oonstitotion;  but  it  is  gener^y  tpproptittad  to  the 
peculiar  difpositioo,  whidi  caused  to  indiTiduil  to  be  affe^ed  hy 
extraneous  bodies,  in  a  way  in  which  maDkind  in  general  are  not 
acted  upon  by  the  same  agents.  In  all  cases,  perhaps,  these  peco- 
liarities  are  dependent  upon  inappreciable  structure,  either  of  the 
organ  concerned,  or  in  the  nervous  branches  distributed  to  it ;  at 
times,  derived  from  progenitors ;  at  others  acquired,^->ofteQ  by  as- 
sociation,— in  the  course  of  existence.  Hence  arise  many  of  the 
antipathies  to  particular  animate  and  inanimate  objects,  ivhiefa  we 
occasionally  meet  with,  and  of  which  BmoussAis  relates  a  siDguIar 
instance  in  a  Prussian  captain,  whom  he  saw  at  Pttis  in  1815.  He 
ooold  not  bear  the  sight  of  a  cat,  a  thimble,  or  an  old  woman,  With^ 
out  becoming  eonrulsed,  and  making  frightful  grimaces.  The  as- 
sociations most  hare  been  singularly  complicate  to  occasion  an  ao- 
tlpathy  to  objects  differing  so  signally  from  each  other.  Waumb, 
01  Vienna,  has  collected  a  multitude  of  cas6s  of  idiosyncrasy;  and 
the  observation  of  every  individual,  whether  of  the  medical  profes- 
sion or  not,  must  have  made  him  acquainted  with  those  pecdliari'^ 
ties,  that  render  a  particular  article  of  diet,  which  is  innoxious,  and 
even  agreeable  ana  wholesome  to  the  generality  of  individaakt^ 
productive^  in  some,  of  the  most  unpleasant  effects. 

Hallbb  knew  a  person  who  was  always  violently  purged  by  the 
syrup  of  roses.  A  rriend  of  the  author  is  purged  by  opium,  w bieh 
has  an  raposite  efiect  on  the  generality  of  individuals.-  Dr.  Pahis 
says  he  xnew  two  cases,  in  which  the  odour  of  ipecacuanha  always 
produoed  mo^  distressing  dyspnea.  The  author  ktiew  a  young 
apothecary,  who  could  never  powder  this  drug  without  fiie  super* 
Vention  of  the  most  violent  catarrh.  A  friend  of  Tissoi*  could  not 
tiJLO  sugar  without  its  exciting  violent  vomiting.  Urticaria  or  net* 
tle-4i»h  is  very  firequently  occasioned,  in  particular  constitutions, 
by  taking  shell-fish.  The  same  effect  is  induced  on  two  young  fe- 
male friends  of  the  author  by  eating  strawberries;  and  similar  cases 
are  given  by  Roosb.  M.  CflEVALUSH  relates  the  case  of  a  lady, 
who  could  not  take  powdefed  rhubarb  without  an  erysipelatous  rf- 
florescenoe  showing  itself,  almost  immediately,  on  the  skiu;  yet  she 
could  take  it  in  the  form  of  infusion  with  perfect  impunity^ 

The  above  idiosyncrasies  apply  only  to  the  digestive  function. 
We  find  equal  anomalies  in  that  of  the  circulation.  In  some,  the 
pulse  is  remarkably  quick,  upwards  of  one  hundred  in  the  mi- 
nute; in  others,  it  is  under  thirty.  That  of  Napoleon  is  said  to 
have  beaten  only  forty^focff  times  In  a  mimite.  It  msy  also  be 
unequal,  and  intermittent,  and  yet  the  indiridual  be  in  a  state  of 
health. 

The  senses  offer  us  some  of  the  most  striking  cases  of  this  kind 
of  peculiarity.  Many  strong  individuals  cannot  bear  the  smell  of 
the  apple,  cherry,  strawbeirf,  or  that  o(  musk,  peppermint,  &c 
Pope  Pins  VIL  had  such  an  antipathy  to  musk,  that  on  one  occa- 
sion of  presentation,  an  individual  of  the  company  hating  been 
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scented  with  it,  his  holiness  was  obliged  to  dismiss  the  psrty  al- 
most immediately. 

The  idiosyncrasies  of  taste  are  also  numerous :  some  of  these 
cases  of  singular  and  depraved  sense  we  have  described  uuder  the 
sense  of  taste.  Pe jean  gives  the  case  of  an  individual  of  distill 
guished  rank  who  was  fond  of  eating  excrement. 

Certain  animals,  again,  as  the  turkey,  have  an  antipathy  to  the  co* 
lour  of  red ;  and  Von  Bubohner  and  Tissot  cite  the  case  of  a  boy 
who  was  subject  to  epileptic  fits  whenever  be  saw  any  thing  of  a 
rod  ^lour. 

Occasionally,  we  meet  with  similar  idiosyncrasies  of  audition. 
Sauvaoss  relates  the  case  of  a  young  man,  labouring  under  intense 
bead-ache  and  fever^  which  could  not  be  assuaged  by  any  other 
means  than  the  sound  of  the  drum.  Rousseau  asserts,  that  a  youns 
Gascon  was  affected  with  incontinence  of  urine  whenever  he  heard 
the  sound  of  the  bagpipe ;  and  the  noise  of  water  issuing  from  « 
pipe  threw  Bati«e  into  convulsions.  The  author  has  a  sin^lar  pe- 
QuUarity  of  this  kind,  derived  Arom  some  accidental  association  in 
early  life.  If  a  piece  of  thin  biscuit  be  broken  in  his  presence,-— 
nay,  Cbe  idea  alone  is  sufficient,— the  muscles  that  raise  the  left  angle 
of  the  mouthy  are  contracted,  and  this  irresistibly. 

The  sense  of  tact  is  not  free  from  idiosyncrasies.  Waonbb  cites 
the  case  of  a  person,  who  felt  a  sensation  of  cold  along  the  back, 
whenever  he  touched  the  down  of  a  peach  with  the  point  of  his 
finger;  or  when  the  down  came  in  contact  with  any  part  of  his  skin. 
He  was  remarkably  fond  of  the  fruit,  yet  was  unable  to  indulge  his 
appetite  unless  a  second  person  previously  removed  the  skin.  Pro- 
CHASXA  relates  the  case  of  a  person,  who  was  affected  with  nausea 
whenever  he  touched  this  fruit 

It  is,  of  course,  all  important  that  the  practitioner  should  be  ao^ 
quainted  with  these  idiosyncrasies,  and  so  far  the  notion  of  ^  know* 
ing  the  constitution,^'— ^which  is  apt  to  be  used  to  the  prejudice  of 
the  young  practitioner  or  of  any  except  the  accustomed  medical  at* 
tendanty — has  some  reason  in  it  It  is  the  duty,  however,  of  the 
patient  to  put  the  practitioner  in  possession  of  the  fact  of  such  pe* 
culiarities,  so  that  he  may  be  enabled  to  guard  against  them,  and  not 
take  that  for  morbid  which  is  the  effect  of  simple  idiosyncrasy. 

Sect.  III.  Or  Natural  and  Acquired  Differences. 

The  temperaments,  constitutions,  and  idiosyncrasies  m^y,  as  we 
have  seen,  either  be  dependent  upon  original  conformation,  or  they 
may  be  produced  by  external  influences;  hence  they  have  been 
divided  into  the  natural  and  acquired.  Under  the  former  head 
are  included  all  those  individual  differences,  derived  from  pro- 
genitors, which  impress  upon  the  individual,  more  or  less  of  re- 
semUaoce  to  one  or  both  parents.  It  has  been  properly  observed 
by  a  recent  writar,  that  the  individuality  of  any  human  being  that 
ever  existed,  was  absolutely  dependent  on  the  union  of  one  partieu- 
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lar  man  with  one  particular  woman ;  and  if  either  the  husband  or 
the  wife  had  been  different,  a  different  being  would  have  been 
ushered  into  existence.  For  the  production  of  Shakespeaks,  or 
Milton,  or  Newton,  it  was  necessary  that  the  father  should 
marry  the  identical  woman  he  did  marry.  If  he  had  selected  any 
other  wife,  there  would  have  been  no  Shakespeare,  no  Milton, 
no  Newton.  Sons  might  have  been  born  of  other  women,  but 
they  would  not  have  been  the  same,  either  in  mental  or  physi- 
cal qualities.  All  this,  however^  enters  into  the  question  of  the 
effects  of  the  influence  of  both  parents  on  the  foetus  in  utero,  which 
we  have  considered  elsewhere.  It  was  there  shown,  that  the 
influence  exerted  by  the  father  is  limited  to  the  material  which  he 
furnishes  at  a  fecundating  copulation,  and  that,  it  is  probable,  no 
material  modification  is  wrought  by  the  mother  after  the  union  of 
the  two  substances, — maternal  and  paternal, — which  compose  the 
new  being. 

Amongst  the  natural  differences^  those  that  relate  to  sex  «re  the 
most  striking.  In  a  previous  part  of  this  volume  we  have  described 
the  peculiarities  of  the  sexual  function  in  both  male  and  female, 
but  the  other  important  differences  have  not  been  detailed.  All  the 
descriptions,' when  not  otherwise  specified,  were  presumed  to  apply 
to  the  adult  male.  At  present,  it  will  be  only  necessary  to  advert 
to  the  peculiarities  of  the  female. 

The  stature  of  the  female  is  somewhat  less  than  that  of  the  male, 
the  difference  being  estimated  at  about  a  twelfth.  The  chief  parts 
of  the  body  have  not  the  same  mutual  proportions.  The  head  is 
smaller  and  rounder;  the  face  shorter;  the  trunk  longer,  especially 
the  lumbar  portion,  and  the  chest  more  convex.  The  lower  extre- 
mities, especially  the  thighs,  are  shorter,  so  that  the  half  of  the  body 
does  not  fall  about  the  pubes  as  in  man,  but  higher.  The  neck  is 
longer;  the  abdomen  is  broader,  larger,  and  more  prominent;  the 
pelvis  has  a  greater  capacity  to  adapt  it  for  gestation  and  parturi- 
tion. The  long  diameter  of  the  brim  is  from  side  to  side,  whilst, 
in  the  male,  it  is  from  before  to  behind;  the  arch  of  the  pubis  is 
larger,  and  the  tuberosities  of  the  ischia  more  widely  separated,  so 
that  the  outlet  of  the  pelvis  is  larger  than  in  the  male ;  the  hips  are 
broader,  and,  consequently,  the  spaces  between  the  heads  of  the 
thigh-bone  are  greater;  the  knees  are  more  turned  in,  and  larger 
than  in  the  male;  the  legs  are  shorter,  and  the  ^t  smaller.  The 
shoulders  are  round,  but  the  width  across  them,  compared  with  that 
of  the  hips,  is  not  so  great  as  in  man ;  the  arms  are  shorter,  but 
fatter,  and  more  rounded;  the  same  is  the  case  with  the  fore- 
arm ;  the  hand  is  smaller,  and  softer,  and  the  fingers  are  more  de- 
licate. 

The  whole  frame  of  the  female  is  more  slender ;  the  bones  are 
smaller,  their  tissue  is  less  compact,  and  the  prominences  and  cor- 
responding depressions  are  less  marked ;  the  subcutaneous  celiuUr 
tissue  is  more  abundant,  and  filled  with  a  whiter  and  firmer  &t;  a 
similar  adipous  tissue  fills  up  the  intervals  between  the  muscles,  sa 
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that  the  whole  surface  is  rounder^  and  more  equable,  than  that  of 
the  male;  the  skin  is  more  delicate,  whiter,  better  supplied  with 
capillary  vessels,  and  less  covered  with  hair;  the  hair  of  the  head, 
on  the  other  hand,  is  longer,  finer,  and  more  flexible;  the  nails  are 
softer  and  of  a  redder  hue;  the  muscles  of  the  countenance  are  less 
distinctly  marked,  so  that  the  expression  of  the  eye,  and  the  emo- 
tions which  occasion  elevation  or  depression  of  the  angles  of  the 
mouth, — laughing  and  weeping,  for  example, — are  more  strongly 
marked.  On  the  whole,  the  general  texture  of  the  organs  is  looser 
and  softer. 

The  above  observations,  however,  apply  to  what  may  be  termed 
the  standard  femalty — one  whose  natural  formation  has  not  been 
interfered  with  by  employments  which  are  usually  assigned  to  the 
other  sex.  It  can  be  readily  understood,  that  if  the  female  has  been 
accustomed  to  the  laborious  exercise  of  her  muscles,  they  may  be- 
come more  and  more  prominent,  the  interstices  between  them  more 
and  more  marked,  the  projections  and  depressions  of  the  bones 
on  which  they  move  more  distinct ;  the  whole  of  the  delicacy  of 
structure  may  be  lost;  and  the  skeleton  of  the  female,  thus  circum- 
stanced, may  be  scarcely  distinguishable  from  that  of  the  inactive 
male,  except  in  the  proportions  of  the  pelvis,  in  which  the  sexual 
differences  are  chiefly  and  characteristically  situated.- 

Many  of  the  functions  of  the  female  are  no  less  distinctive  than 
the  structure.  The  senses,  as  a  general  principle,  are  more  acute, 
whether  from  original  delicacy  of  organization,  or  from  habit,  is 
not  certain; — probably  both  agencies  are  concerned.  The  intellectual 
and  moral  faculties  are  also  widely  different,  and  this,  doubtless, 
from  orieinal  conformation ;  although  education  may  satisfactorily 
account  for  many  of  the  differences  observable  between  the  sexes. 
Gall  is  one  of  the  few  anatomists  who  have  attended  to  the  compa- 
rative state  of  the  cerebral  system  in  the  sexes;  and  the  results  of 
his  investigations  lead  him  to  affirm,  that  there  is  a  striking  differ- 
ence in  the  development  of  different  parts  of  the  encephalon  in  the 
two  sexes,  which  he  thinks  may  account  for  the  difference  observa- 
ble in  their  mental  and  moral  manifestations.  In  the  male,  the  an- 
terior and  superior  part  of  the  encephalon  is  more  developed;  in 
Uie  female,  the  posterior  and  inferior;  the  former  of  these  he  con- 
ceives to  be  the  iieat  of  the  intellectual  faculties ;  the  latter  of  those 
feelings  of  love  and  affection,  which  seem  to  preponderate  in  the. 
character  of  the  female.'  We  have  elsewhere  said,  however,  that 
the  views  of  Gall,  on  this  subject,  are  not  yet  received  as  confirm- 
ed truths,  and  that  we  must  wait  until  farther  experience  and  mul- 
titudinous observations  shall  have  exhibited  their  accuracy,  or  want 
of  ibundation.  Independently,  however,  of  all  considerations  de- 
duced from  organization,  observation  shows,  that  the  female  exhi- 
bits intellectualand  moral  differences  which  are  by  no  means  equivo- 
cal. The  softer  feelings  predominate  in  her,  whilst  the  intellec- 
tual faculties  have  the  preponderance  in  man.    Tlie  evidences  and 
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obarftctor  of  the  TArioui  ibades  of  feeling  and  susceptibility,  and 
the  iafluence  of  education  and  circumstaQces  on  these  develop- 
mentSy  are  interesting  topics  for  the  consideration  of  the  moral  plu- 
Ipsopher^  butsdmit  of  little  elucidation  from  the  labours  of  tke 
physiologist  The  only  inference,  to  which  he  can  arrive,  is,  that 
the  oauaes  of  the  diversity  are  laid  in  organisation,  and  become  on- 
folded  and  distinctive  by  education.  The  precise  organisation  be 
is  unable  to  depict,  and  the  influence  of  cireurostances  on  the  mind 
it  is  scarcely  his  province  to  consider. 

The  function  of  muscular  motion  is,  owing  to  organizatioD,  moiia 
ibebly  executed.  We  have  already  remarud,  that  the  bones  are 
comparatively  small,  and  the  muscles  more  delicately  formed.  Tbe 
energy  of  the  nervous  system  is  also  less;  so  that  all  the  elements 
for  strong  muscular  contraction  are  by  no  means  in  the  most  favour- 
able condition ;  and,  accordingly,  the  power  the  female  is  capable 
of  developing  by  muscular  contraction  is  much  less  than  in  the 
male.  Her  locomotion  is  somewhat  peculiar, — the  wide  separation 
of  the  hip^oints,  owing  to  the  greater  width  of  the  pelvis,  giving 
her  a  characteristic  gait  The  vocal  org^s  exhibit  difiimneea 
which  account  for  the  diflerence  in  the  voice.  The  chest  and  the 
lungs  are  of  smaller  dimensions;  the  trachea  is  of  less  diameter;  the 
larynx  smaller;  the  glottis  shorter  and  narrower;  and  tbs  cavities, 
communicating  with  the  nose,  are  of  smaller  sisiOv  This  arrange^ 
ment  causes  the  female  voice  to  be  weaker,  softer,  and  more  acute. 
The  muscles  of  the  glottis,  and  the  ligaments  of  the  glottis  tbeoi- 
selves,  are  apparently  more  supple,  so  as  to  admit  of  the  production 
of  a  greater  number  of  tones,  and  to  favour  singing.  The  phenomem 
of  expression,  as  we  have  often  remarked,  keep  pace  with  tbe  con- 
dition of  the  intellectual  and  moral  faculties,  and  with  the  suscepti- 
bility of  the  nervous  system.  As  this  last  is  generally  great  in  the 
female,  the  language  of  the  passions,  especiaUy  of  the  softer  kind, 
are  more  m^ked  in  her. 

The  functions  of  nutrition  present,  also,  some  peculiarities.  With 
regard  to  digestion,  less  food  is  generally  requii^ ;  the  stomach  is 
less  ample;  the  liver  smaller,  and  frequently,^ — at  least  naore  fine- 
oueotly  than  in  the  male,--*the  dentes  sapientias  do  not  appear.  Tbe 
desire  for  food  at  the  stated  periods  is  not  so  powerful;  and  it  is 
generally  for  light  and  agreeable  articles  of  diet  rather  than  for  tbe 
very  nutritious ;  but  the  appetite  returns  more  frequentiy,  and  is 
more  fastidious,  owing  to  the  greater  sensibility  of  the  digestive 
apparatus.  This,  however,  is  greatiy  an  affair  of  habit,  and  we  have 
more  instances  of  prolonged  abstinence  in  the  female  than  in  the 
male.  The  circuUtidn  is  genenJly  more  rapid,  the  pulse  being  less 
full,  bui  quioker.  Of  the  secretions,  that  of  the  fat  alone  requires 
mention,  whioh  is  usually  more  abundant  and  the  product  firmer. 
The  cutaneous  transpiration  is  less  active,  and  the  humour  has  a 
more  acidulous  odour.  The  urine  is  said,  by  some  writers,  to  he 
leas  abundant,  and  less  charged  with  salts;  whence,  it  is  asserted, 
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there  is  less  di«porition  to  otdeulom  ttffeetioofl.  So  fiu*!  howerer^  as 
we  have  had  an  opportunity  for  judging^  it  is  secreted  in  great^t 
quantity,  and  this  may  partly  account  for  its  scaling  to  have  a 
smaller  quantity  of  salts  in  any  given  amount;  but  the  truth  is,  the 
freedom  of  the  female  from  calculous  affections  is  greatly  owing  to 
the  shortness  and  sise  of  the  urethra,  which  admits  the  calculus  to 
be  discharged  with  comparative  facility;  and  it  is  a  common  obser- 
vation, that  where  the  males  of  a  family,  hereditarily  predisposed 
to  gout,  become,  owing  to  their  greater  exposure  to  the  Exciting 
causes,  affected  with  that  disease,  the  females  may  be  subject  to  calcu* 
lous  disorders,-^^the  two  affections  appearing  to  be,  in  some  respects, 
congenerous.  For  the  reasons  already  mentioned,  however,  stone 
rarely  forms  in  the  bladder  of  the  female,  and  the  operation  of 
lithotomy  is  scarcely  ever  necessary.  The  desire  to  evacuate  the 
conte*nts  of  the  bladder  occurs  more  frequently  in  the  female, 
probably,  in  part,  owing  to  habit;  and,  in  part,  to  the  greater  mo- 
bility of  the  nervous  system. 

In  addition  to  these  differences,  as  regards  the  secretions,  the 
female  has  one  peculiar  to  herself, — menstruation,— which  has 
already  engaged  attention.  In  the  progress  of  life,  too,  the  glandular 
system  undergoes  evolutions  which  render  it  especially  liable  to 
disease.  About  the  period  of  the  cessation  of  the  mensesj — sooner 
or  later^-— the  mammse  frequently  take  upon  themselves  a  diseased 
action,  and  become  scirrhous  and  cancerous  so  as  to  require  the  or- 
gans to  be  extirpated. 

In  the  treatment  of  disease,  these  sexual  peculiarities  have  to  be 
borne  in  mind.  Owing  to  the  greater  mobility  of  the  nervous  sys- 
tem in  the  female,  she  usually  requires  a  much  smaller  dose  of  auy 
active  medicine  than  the  male ;  and,  during  the  period  when  the 
sexual  functions  are  particularly  modified,  as  during  menstruation, 
gestation,  and  the  child-bed  state,  she  becomes  liable  to  various 
affections,  some  of  which  have  been  referred  to  elsewhere ;  others 
belong  more  appropriately  to  works  on  pathology  or  obstetrics. 

The  acquired  differenoes,  which  we  observe  amongst  individuals, 
are  extremely  numerous.  The  e£bct  of  climate  on  the  physical  and 
mental  characteristics  is  strikingly  exhibited.  The  temperate  zone 
appears  to  be  best  adapted  for  the  full  development  of  man,  and  it  is 
there  that  the  greatest  ornaments  of  mankind  have  flourished,  and 
that  science  and  art  have  bloomed  in  exuberance ;  whilst  in  the  hot, 
enervating  regions  of  the  torrid  zone,  the  physical  and  moral  energy 
are  prostrated;  and  the  European  or  Anglo- Amerioani  who  has  en- 
tered them  full  of  life  and  spirits,  has  left  them  after  a  few  years 
residence,  listless  and  shorn  of  his  proudest  charaoleristicSi  Nor  is 
the  hyperborean  region  more  favourable  to  mental  and  corporeal 
development;  the  sensibility  being  obviously  blunted  by  the  rigours 
of  the  climate.  The  effect  of  locality  is,  perhaps,  most  signally  exem- 
plified in  the  Cretin^  and  the  Gaitreuw  of  the  Valais,  and  of  the 
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countries  at  the  btee  of  lofty  moantaios  in  every  part  of  the  globe; 
as  well  as  in  the  inhabitaots  of  our  low  couDtries,  who  are  coo- 
staotly  exposed  to  malarious  exhalations,  and  bear  the  sallow  im- 
print on  the  countenance.  It  has  seemed  to  the  author,  that,  in  the 
Legislative  Halls  of  Virginia,  it  has  not  been  difficult  to  designate, 
by  this  means  alone,  the  inhabitants  of  the  upper  and  of  the  lower 
country. 

Not  less  effective  in  modifying  the  charapter  of  individuals  is  the 
influence  of  the  way  of  life,  education,  profession,  government^ 
&C.  The  difference  between  the  cultivated  and  the  uncultivated  ; 
between  the  humble  mechanic,  who  works  at  the  anvil  or  the  lathe, 
and  him  whose  avocation,  like  that  of  the  lawyer  and  the  physi- 
cian, consists  in  a  perpetual  exercise  of  the  organ  of  intellect;  and 
between  the  debased  subject  of  a  tyrannical  government,  and  the 
independent  citizen  of  a  free  state, — 

**  Lord  of  the  lion  heart  and  eagle  eye,'' 

is  signal  and  impressive. 

To  these  acquired  differences  in  individuals  from  extraneous  or 
intrinsic  causes  we  must  refer  habits  which  has  been  defined, — an  ac- 
quired disposition  in  the  living  body,  become  permanent  and  as 
imperious  as  any  of  the  primitive  dispositions.  It  is  a  peculiar  state 
or  disposition  of  the  mind,  induced  by  the  frequent  repetition  of 
the  same  act. 

Custom  and  habit  are  frequently  used  synonymously;  but  they 
are  distinct  Custom  is  the  frequent  repetition  of  the  same  act; 
habit  is  the  effect  of  such  repetition.  By  custom  we  dine  at  the 
same  hour  every  day ;  the  artificial  appetite  induced  is  the  effect  of 
habit 

The  functions  of  the  frame  are  variously  modified  by  this  dispo- 
sition, being  at  times  greatly  developed  in  energy  and  rapidity,  at 
others  largely  diminished.  If  a  function  be  over  and  over  again 
exerted  to  the  utmost  extent  of  which  it  is  capable,  both  as  regards 
energy  and  activity,  it  becomes  more  and  niore  easy  of  execution; 
the  organ  is  daily  better  adapted  for  its  production,  and  is  so  ha- 
bituated to  it,  that  it  becomes  a  real  want, — a  second  nature.  It  is 
in  this  way,  that  we  accustom  the  organs  of  speech,  locomotion,  &c 
to  the  exercise  of  their  functions,  until,  ultimately,  the  most  various 
combinations  of  the  muscular  movements  of  the  tongue  and  limbs 
can  be  executed  with  surprising  facility. 

If,  on  the  contrary,  the  organs  of  any  function  possess  unusual 
aptitude  for  accomplishing  it,  and  we  accustom  ourselves  to  a  minor 
degree  of  the  same,  we  ultimately  lose  a  part  of  the  aptitude,  and 
the  organs  become  less  inclined,  and  less  adapted  to  produce  it  By 
custom,  we  may  thus  habituate  ourselves  to  receive  an  unusually 
small  quantity  of  nutriment  into  the  stomach,  so  that  at  length  it 
may  become  impracticable  to  digest  more. 

A  similar  efiect  occurs  as  regards  the  quantity  of  the  special  irri* 
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iMnif  whidi  we  allow  to  impinge  on  any  of  the  organs  of  seftse^  If 
we  aecustom  them  to  be  feebly  ioipretsed^  yet  sufficiency  so  for  the 
performance  of  their  functions^  they  become  incapable  of  supporting  a 
greater  quantity  of  the  special  irrityit  without  Indicating  suSering. 
The  miner  can  see  into  the  farthest  depths  of  his  excarations^  whem, 
to  the  eye  of  one  who  has  descended  from  the  bright  light  of  day, 
all  seems  enveloped  in  obscurity.  In  this  case,  the  sensibility  of  the 
organ  of  sight  is  developed^  to  such  an  extent,  that  if  the  indtyidnal  be 
brought  into  even  a  feeble  light,  the  impresiton  is  extremely  painfitl. 
The  nyctalope  is  preeisdy  so  sttuat^.  His  nervous  system  6f 
sight  is  so  irritable,  that^  although  he  can  see  well  in  the  night,  be 
is  incapable  of  accurate  discrimination  by  day.  On  the  other  hand, 
ocposure  to  intense  light  renders  the  sensibility  of  the  visual  oer- 
Tous  system  so  obtuse  that  objects  are  not  so  readily  pereetved  !p  ob- 
scurity. The  hemeralope,  who  sees  in  the  day  and  not  in  the  night, 
aod  who  is  conseauentty  the  anthiteton  of  the  nyctalope,  has  the 
nervous  system  or  vision  umiscwlly  dull>  and  ineapaMe  of  excite- 
ment by  feeble  impressiotts* 

It  may  be  laid  down,  as  a  general  priiMsiple,  thet  if  we  gradually 
angment  the  stimolos  applied  to  any  organ  of  sense,  it  becomes  le^ 
susceptible  of  appreciating  minor  degrees  of  the  smmt  irritant;  so 
that,  in  this  way,  an  augmented  dose  of  the  irritant  is  progres^vely 
required  to  produce  the  same  effect  This  is  daily  exempKfted  by 
the  use  of  tobaeeo, — either  im  the  fom  of  diewing,  savokiag,.  or 
SBuffingjT-^which  becomes  a  confirmed  hebit,  and  can  only  be  aban- 
doned, without  doing  great  violence  to  the  feelings,  by  atleoftioo  to 
the  principle  deduced  from  practice^r^that  by  gradually  fsttewiag 
the  opposite  course  to  the  one  adopted  in  acquiring  the  habit^-«4hat 
is,  by  accustoming  the  nerve  of  sense  to  a  progressive  diminotioQ 
in  the  dose  of  the  stimulus,  an  ofpomiB  habit  may  be  formed^  and 
the  evil  be  in  this  manner  renaoTed* 

When  by  habit  we  acquire  extreme  fboility  in  execoiing  any 
fimetien,  it  may  be  executed  appavctttly  without  the  direct  inter- 
ference of  volition.  This  is  peculiarly  applicable  to  the  vohtntary 
motions.  We  have  elsewhere  shown,  however,  that,  in  this  case,  habit 
only  communicates  the  £Btcility,and  that  there  is  no  natural  secjuenoe 
of  motions,  and,  consequently,  no  raaaon,  as  in  executing  a  rapid  mn- 
sieail  movement  why  one  movementof  thefingersshouldfollowrather 
than  another,  unless  volition  were  tihe  ^iding  power.  Volition^  as 
Dr.  Parr  has  remarked,  is  not  an  exertion  of  mind,  hot  apparently  a 
simple  impulse  directed  almost  necessarily  to  an  end;  and  it  is 
affected  by  custom,  nearly  like  the  organs  ol  the  body.  ThuSy^^a 
sensation,  which  excited  a  perceptible  exertion  of  volition  will,  in 
time^  produce  it,  and  the  correspondent  action,  without  our  being 
sensible  of  its  interference;  and  so  rapid  is  this  progress,  that  we 
seem  to  will  two  ends  or  objects  at  the  same  time,  tlK>a^  they  are 
evidently,  when  examined,  distiitct  operations.  But  though  by 
custom  we  are  no  longer  sensible  of  bodily  impressioss^or  of  the  exer- 
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cise  of  volition^  yet  the  corporeal  organs  in  their  several  functiooSy 
acquire,  like  those  of  the  mind,  peculiar  accuracy  of  discriminatioQ. 
The  musician  is  not,  for  instance,  sensible  of  his  willing  any  one 
motion;  yet  with  the  most  exquisite  nicety  he  touches  a  particular 
part  of  the  string,  and  executes  a  variety  of  the  nicest  and  moat 
complicated  movements  with  the  most  delicate  precision. 

It  is  a  common  remark,  that "  habit  blunts  the  feeling  but  improves 
the  judgment."  To  a  certain  extent  this  is  true;  but  the  feeling  is 
not  blunted  unless  the  stimulant,  which  acts  upon  the  organ  of  sense, 
be  too  powerful  and  too  frequently  .repeated.  When  moderately 
exercised,  the  effect  of  education,  in  perfecting  all  the  senses,  is 
strongly  exhibited,  as  we  have  elsewhere  seen.  Sensations,  often 
re]>eated,  cease  to  be  noticed,  not  because  they  are  not  fdt,  but 
because  they  are  not  heeded;  but  if  the  attention  be  directed  to  the 
sensation,  custom  adds  to  the  power  of  discrimination.  Hence  the 
sailor  is  able  to  detect  the  first  appearance  of  a  sail  in  the  distant 
horizon,  when  it  cannot  be  perceived  by  the  landsman;  and  the  same 
kind  of  discrimination  is  attained  by  the  due  exercise  of  the  other 
senses.  This  greater  power  of  discrimination  is  doubtless  owing 
to  improvement  in  the  cerebral  or  percipient  part  of  the  visual 
apparatus;  but  we  have  no  evidence^  that  the  organ  of  vision  has 
its  action  necessarily  blunted. 

It  has  been  presumed,  by  some  physiologists  and  metaphysicians, 
that  the  will,  by  custom  and  exercise,  may  acquire  a  power  over 
certain  functions  of  the  body  that  were  not  originally  subject  to  it; 
nay,  some  speculatists  have  gone  farther,  and  a£5rm^,  that  all  the 
involuntary  functions  were  originally  voluntary,  and  that  they  have 
become  involuntary  by  habit  Stahl  and  the  other  animists,  who 
regarded  the  soul  as  the  formative  and  oi^nizing  agent  in  animals, 
asserted,  that  it  excites  the  constant  movements  ot  the  heart,  and 
of  the  respiratory,  digestive  and  other  nutritive  organs,  by  habits  so 
protracted  and  inveterate,  and  so  naturalized  within  us,  that  these 
functions  can  be  effected  without  the  aid  of  the  will,  and  without 
the  slightest  attention  being  paid  to  them.  Respiration,  according 
to  them,  is  originally  voluntary;  but,  by  habit,  the  will  becomes 
spontaneity;  so  that  there  is  no  farther  occasion  to  invoke  voh'tioo. 
Respiration  goes  on  night  and  day,  when  we  are  asleep  as  well  as 
awake;  and  they  regard  as  a  proof,  that  the  action  was  origi- 
nally dependent  upon  free  will,  that  we  are  still  able  to  accelerate 
or  retard  it  at  pleasure.  They  cite,  moreover,  the  case  of  Colonel 
TowNSHEND,  related  in  another  part  of  this  work,  to  show,  that  the 
action  of  the  heart  is  capable  of  being  influenced  by  the  will;  and  the 
fact  that  it  is  accelerated  or  retarded  under  the  different  passions. 
CoNDiLLAc,  Lamarck*  and  Dutrochet  fantastically  assert,  that 

*  The  yiewB  of  this  distii^aished'  natoimlist  regarding  the  effect  of  hahit  oa 
organization,  which  he  considers  to  tend  to  greater  and  greater  complication,  are 
most  singukr  and  fantastic.  It  is  not,  be  considers,  the  organs  of  an  animal  that 
have  g^ven  rise  to  its  habits;  on  the  contrary,  its  habits,  mode  of  life,  and  those  of 
its  ancestors  hare,  in  the  course  of  time,  determined  the  shape  of  its  body,  the 
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the  difierent  instinctSy  observed  to  prevail  so  powerfully  id  animals, 
are  mere  products  of  an  acquired  power  transmitted  through  suc- 
cessive generations. 

The  objections  to  all  these  views  are, — ^that  the  functions  in 
question  are  as  well  performed  during  the  first  day  of  exist- 
ence as  at  an  after  period,  and  are  apparently  as  free  from  the  exer- 
cise of  all  volition.  The  heart,  indeed,  beats  through  foetal  existence 
for  months  before  the  new  being  is  ushered  into  the  world;  and  when, 
if  volition  be  exerted  at  all,  it  can  only  be  obscurely.  The  case  of 
Colonel  TowNSHEND  is  strange,  passing  strange,  but  it  is  almost 
unique,  and  the  power  of  suspending  the  heart's  action  was  pos- 
sessed by  him  a  short  time  only  prior  to  dissolution.  All  the 
functions  in  question  must,  indeed,  be  esteemed  natural^  and  in- 
stinctive, inseparably  allied  to  organization;  and  hence  differing 
from  the  results  of  habit  which  is  always  acquired. 

The  opinion  of  Bichat,  on  the  other  hand,  was,  that  habit  influ- 
ences only  the  animal  functions  and  has  no  bearing  on  the  organic 
or  nutritive.  But  this  is  liable  to  objections.  We  have  seen,  under 
digestion^  that  if  a  bird,  essentially  carnivorous  in  its  nature,  be  re- 
stricted to  vegetable  food,  the  whole  digestive  economy  is  modified, 
and  it  becomes  habituated  to  the  new  diet  We  know,  also,  that 
where  drains  are  established  in  any  part  of  the  body,  they  become, 
in  time,  so  much  a  part  of  the  physiological  condition  of  the  frame, 
that  they  can  only  be  checked  with  safety  by  degrees. 

In  the  administration  of  medicines,  habit  has  always  to  be  attend- 
ed to.  The  continued  use  of  a  medicine  generally  diminishes  its 
power-— hence  the  second  dose  of  a  cathartic  ought  to  be  larger  than 
the  first,  if  administered  within  a  few  days.  Certain  cathartics  are 
found,  however,  to  be  exceptions  to  this.  The  Cheltenham  waters 
are  one.  The  constitution,  so  far  from  becoming  reconciled  to. 
lead  by  habit,  is  rendered  more  and  more  sensible  to  its  irritation. 
Emetics,  too,  frequently  act  more  powerfully  by  repetition.  Dr. 
CuLLEN  asserts,  that  he  knew  a  person  so  accustomed  to  excite  vo- 

Dumber  and  condition  of  its  organs,  and  the  faculties,  which  it  enjoys.  Thus  the 
otter,  the  beaver,  the  waterfowl,  the  turtle,  and  the  frog  were  not  made  web- 
footed  that  they  might  swim;  but  their  wants  having  attracted  them  to  the  water 
in  search  of  prey,  they  stretched  out  their  toes  to  strike  the  water,  and  move 
rapidly  along  its  surnce.  By  the  repeated  stretching  of  their  toes,  the  skin, 
which  united  them  at  the  base,  acquired  a  habit  of  extension,  until,  in  the  course 
of  time,  they  became  completely  web-footed. 

In  like  manner,  the  antelope  was  not  endowed  with  alight,  agile  form,  in  order 
that  it  might  escape  by  flight  from  the  carnivorous  animal;  but  by  being  exposed 
to  the  danger  of  being  devoured  by  lions,  tigers,  and  other  beasts  of  prey,  it 
was  compelled  to  exert  itself  by  running  with  great  celerity;  a  habit,  which, 
in  the  course  of  many  generations,  gave  nse  to  the  peculiar  slendemess  of  its 
leg^  and  the  agility  and  elegance  of  its  form. 

The  cameleopard,  again,  was  not  gifted  with  a  long  flexible  neck,  because  it 
was  destined  to  live  in  the  interior  of  Africa,  where  the  soil  was  arid,  and  devoid 
of  herbage;  but,  being  reduced,  by  the  nature  of  the  country,  to  support  itself 
on  the  foliage  of  lofty  trees,  it  contracted  a  habit  of  stretching  itself  up  to  reach 
the  high  boughs,  until  its  forelegs  became  longer  than  the  hinder,  and  its  neck  so 
elongated  that  it  coukl  raise  itihead  to  the  height  of  twenty  feet  above  the  ground! 
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mitiDg,  on  himself,  that  the  ooo^twentieth  part  of  A  grain  of  tartar- 
ised  antimoay  waa  auffieienC  to  produoe'a  ooovulsive  aetioa  of  the 
parts  concerned  in  vomiting.  As  a  general  principle,  howeyer, 
remedies  lose  their  eflect  by  habit,  and  this  is  particularly  the  case 
with  tonics;  but  if  another  tonic  be  substituted  for  a  day  or  two, 
and  then  the  former  be  reramed,  it  will  produce  all  its  previous 
eflfacts. 

•dsBoaitUianf  employed  abstractedly^  is  a  principle  of  the  animal 
economy  nearly  allied  to  habit  When  two  or  mora  impressions  of 
any  kind  have  been  made  upon  the  nervous  system,  and  repeated 
for  a  certain  number  of  times,  they  become  associated;  and  if  one 
of  then  only  be  produced  it  will  call  up  the  idea  of  the  others.  It 
is  a  principle,  which  is  largely  invoked  by  the  metaphysician,  and 
by  which  he  explains  many  interesting  phenomena  of  the  human 
mind,  especially  those  connected  with  our  ideas  of  beauty,  or  the 
contrary;  our  likes  and  dislikes,  and  our  sense  of  moral  propriety.* 
DAmwiN  employed  it  to  explain  many  complicated  functions  of  the 
economy;  and  he  laid  it  down  as  a  law,  that  all  animal  motions, 
which  have  occurred  at  the  same  time  or  in  immediate  succession, 
become  so  associated  that  when  one  of  them  is  reproduced,  the 
other  has  a  tendency  to  accompany  or  succeed  it  The  principle 
has,  doubtless,  great  agency  in  the  production  of  many  of  the  phy- 
sical, as  well  as  mental,  phenomena;  but  its  influence  has  been  over- 
rated; and  many  of  the  consecutive  and  simultaneous  actions,  to 
which  we  have  referred  under  the  head  of  correlation  o/JUnetionSf 
take  place,  apparently,  as  well  the  first  time  they  are  exerted,  as 
subsequently.  Sucking  and  deglutition  are  good  eases  of  the  kind. 
Soon  after  birdi,the  musclesof  the  lips,  cheeks,  and  tongue  are  con- 
tracted to  embrace  the  nipple,  and  to  diminish  the  pressure  in  the 
interior  of  the  mouth;  and  u  soon  as  the  milk  has  flowed  to  the 
necessary  extent  into  the  mouth,  certain  voluntary  muscles  are  con- 
tracted. These  propel  the  milk  into  the  pharynx,  where  its  farther 
progress  is  accomplished  by  muBcltSfOSSOciaitd  or  connected  func- 
tionally, but  not  in  the  sense  we  are  now  employing  the  epithet;  for 
here  one  action  could  not  suggest  another,  according  to  the  defini- 
tion we  have  given  of  association^  which  requires  that  the  acts 
should  have  been  executed  previously.  Many  of  the  oases,  in 
fact,  ascribed  by  Darwin  and  Hartlbt  to  the  agency*  of  this 
principle,  are  instinctive  actions,  in  which  a  correlation,  as  in  the 

*  The  effect  of  thb  principle  Mfofftttbly  and  feefiagfyexprciied  by  one  of  tfaa 
rnotk  iUuttrioaa  of  Britiah  bariUs — 

*<  And  slight  withal  maj  be  the  tbin|^  which  bring 
Back  to  the  heart  the  weight,  which  it  would  fluig 
Aside  for  ever:  it  may  be  a  sounds 
A  tone  of  snu«c^  aummer's  eiFe,  or  sjmng, 
A  flower*  the  wind*  the  ocean,  which  ahaU  weiuid. 
Striking  th'  electric  chain  wherewith  we're  darkly  bound; 
And  how  and  why  we  know  not,  nor  can  trace 
Home  to  its  fOoud  this  Ughtning  of  the  mind." 

ChiUt EmoU  (kmi^'iT. 
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of  deglatitioD,  exists,  but  without  our  being  aUe  to  expl^n  the 
nature  of  such  corrriation,  any  more  than  we  can  explain  other 
complicated  actions  and  connexions  of  the  nervous  system,  of  which 
this  is  doubtless  one. 

Some  of  the  most  obstinate  diseases  are  kept  up  by  habit,  or  by 
accustomed  associated  motions;  and,  frequently,  the  disease  will 
seem  to  continue  from  this  cause  alone.  Whenever  intermittent 
fever,  epilepsy,  asthma,  chorea,  &c  have  been  long  established,  the 
difficulty  of  removing  the  influence  of  habit,  or  the  tendency  to  re- 
currenee,  is  extreme. 

Lastly,  the  principle  of  itnitation  falls  appropriately  under  this 
section.  It  may  be  defined  as-^-^at  consent  of  parts,  depending  on 
similar  organization,  which,  under  the  influence  of  the  brain,  enables 
them  to  execute  acts  similar  to  those  executed  by  the  same  parts  in 
another  individual.     Imitation,  consequently,  requires  the  action  of 
the  brain;  and  differs  from  those  actions  that  are  natural  or  in- 
stinctive to  organs.    For  example,  speech  requires  the  action  of 
imitation;  whilst  the  ordinary  voice  or  cry  is  efiected  by  the  new- 
bom,  and  by  the  idiot,  who  are  incapable  of  all  observation,  and 
oonsequently  of  imitation.    The  mode  in  which  speech  is  acquired, 
ofiers  us  one  of  the  best  examples  of  this  imitative  principle, 
if  we  may  so  term  it.    At  a  very  early  period,  the  child  heart 
the  sounds  addressed  to  it,  and  soon  attaches  ideas  to  thetati.     It  dis- 
eovers,  moreover,  that  it  is  capable  of  producing  similar  sounds  with 
its  own  larynx,  and  that  these  sounds  are  understood,  and  are  in- 
servient  to  the  gratification  of  its  wants;  and,  in  this  way,  speech, 
as  we  have  elsewhere  seen,  is  acquired.    The  difficulty  is  to  un- 
derstand in  what  manner  this  singular  consent  is  produced.    Sir 
GiLBXRT  BuLNE  hss  properly  remarked,  that  the  imitation  of  ges- 
tures is,  at  first  sight,  less  unaccountable  than  that  of  sounds;  as  they 
are  performed  by  members  which  are  objects  of  sight,  and  would 
seem  therefore  to  be  more  readily  transferable  to  the  corresponding 
parts  of  another  person:  but  he  probably  errs,  when,  farther  on,  he 
remarks,  that  when  children  begin  to  articulate,  they  first  attempt 
those  letters,  in  the  pronunciation  of  which  the  motions  pf  the  organs 
are  the  objects  of  sight;  such  as  the  j9  and  b,  among  consonants,  and 
the  broad  a,  among  the  vowels,  ^*  giving  occasion  to  a  well-known 
etymology,  from  the  infantile  syllables,  expressive  of  father  and 
mother  in  all  languages.'^    We  do  not  think  that  this  explanation 
is  happy ;  and  have  elsewhere  attempted  to  show,  that  the  combina- 
tion of  letters,  and  the  words  referred  to,  are  first  enunciated,  because 
they  are  the  easiest  of  all  combinations;  and  that  the  expressions  of 
inama,papaf  &o.  are  employed  long  before  the  child  has  acquired 
the  power  of  imitation,  and  long  prior  to  his  attaching  the  meaning 
to  the  words  which  he  is  subsequently  made  to  adopt 

It  is  certainly  sin^lar  how  the  child  can  learn  to  imitate 
sounds,  where  the  action  of  the  organs  conoelrned  is  completely 
ooocetled  from  view.  The  only  possible  way  of  explaining  it 
is  to  preeome,  that  it  makes  repeated  attempts  with  its  voeaTap* 
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ptratUB  to  produce  the  same  sound  which  it  bears;  and  that  it  re- 
collects the  sensation  produced  by  the  contraction  of  the  muscles 
when  it  succeeds,  so  as  to  enable  it  to  repeat  the  contraction  of  the 
muscles,  and  the  sensation,  at  pleasure.  This  is,  however,  a  caae, 
in  which  volition  is  actively  exerted.  We  have  others,  where  the 
action  occurs  in  spite  of  the  individual,  as  in  yawning.  We  see  the 
action  in  a  second  person,  and,  notwithstanding  all  our  attempts  to 
the  contrary,  the  respiratory  organs  are  excited  through  the  brain, 
and  we  accomplish  the  same  act  Nay,  even  thinking  of  the  action 
will  be  sufficient  to  arouse  it  Of  a  like  nature  to  thb,  is  the  sym- 
pathetic contraction  of  the  uterus,  which  comes  on,  where  a  preg- 
nant female  is  in  the  lying-in  chamber  during  the  accouchement  of  an- 
other, and  to  which  we  have  referred  under  the  head  of  Sympathy. 
Many  morbid  phenomena  are  excited  in  a  similar  manner;— of 
these,  squinting  and  stammering  are  familiar  examples. 

Sbct.  IV.  Of  the  Varibtibs  of  Mankind. 

To  determine  the  number  of  varieties,  into  which  the  great  hu- 
man family  may  be  divided,  is  a  subject  which  has  been  considered 
to  belong  so  completely  to  the  naturalist,  that  we  shall  pass  it  over 
with  a  brief  inquiry. 

If  we  cast  our  eye  over  the  globe,  although  we  may  find  that 
mankind  agree  in  their  general  form  and  organization,  there  are 
many  points  in  which  they  differ  materially  from  each  other.  With 
those  forms,  proportions  and  colours,  which  we  consider  so  beautiful 
in  the  fine  figures  of  Greece, — to  use  the  language  of  Mr.  Law- 
mxNCB, — contrast  the  woolly  hair,  the  flat  nose,  the  thick  lips,  the 
retreating  forehead,  advancing  jaws,  and  black  skin  of  the  negro; 
or  the  broad,  square  &ce,  narrow  oblique  eyes,  beardless  chin,  coarse, 
straight  hair,  and  olive  colour  of  the  Calmuck.  Compare  the  ruddy 
and  sanguine  European  with  the  jet  black  African,  the  red  man  of 
America,  the  yellow  Mongolian,  or  the  brown  South-Sea  Islander; 
the  gigsAiic  Patagonian,  or  the  dwarfish  Laplander;  the  highly 
civilized  nations  of  Europe,  so  conspicuous  in  arts,  science,  literature, 
in  all  that  can  strengthen  and  adorn  society,  or  exalt  and  dignify 
human  nature,  to  a  troop  of  naked,  shivering,  and  starved  New 
Hollanders,  a  horde  of  filthy  Hottentots,  or  the  whole  of  the  more 
or  less  barbarous  tribes,  that  cover  nearly  the  entire  continent  of 
Africa;  and  although  we  must  refer  them  all  to  the  same  species, 
they  differ  so  remarkablv  from  each  other  as  to  admit  of  being 
classed  in  a  certain  number  of  great  varieties;  but,  with  regard  to 
the  precise  number,  naturalists  have  differed  materially. 

Whatever  changes  have  been  impressed  upon  mankind,  can,  of 
course,  apply  only  to  the  descendants  of  Noah.  The  broad  distinc- 
tions, ^e  now  meet  with,  could  not  have  existed  in  his  immediate 
family,  saved  with  him  at  the  time  jof  the  deluge.  They  must  ne- 
cessarily have  all  been  of  the  same  race.  None  of  our  investigations 
on  this  subject  can,  consequently,  be  traced  back  into  antediluvian 
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periods.    Hence  the  point,  on  which  the  ark  rested,  must  be  looked 
upon  as  the  cradle  of  all  mankind. 

The  question  of  the  original  residence  of  man  has  frequently  en- 
gaged the  attention  of  the  philologist.  It  is  one  which  could  be 
answered  positively  by  the  historian  only,  but  unfortunately  the 
evidence  we  possess  of  an  historical  character  is  scanty  in  the  ex- 
treme, and  the  few  remarks,  in  the  sacred  volume,  not  sufiBcient  to 
lead  us  to  any  definite  conclusion.  As  far  back  as  the  date  of  the 
most  remote  of  our  historical  records,  which  extend  to  about  two 
thousand  years  prior  to  the  Christian  era,  we  find  the  whole  of  Asia 
and  a  part  of  Africa, — probably  a  large  part, — peopled  by  difierent 
nations,  of  various  manners,  religion,  and  language;  carrying  on  ex- 
tensive wars  with  each  other,  with  here  and  there  civilized  states, 
possessing  important  inventions  of  all  kinds,  which  must  have  re- 
quired a  length  of  time  for  discovery,  improvement,  and  difiusion. 

After  the  subsidence  of  the  deluge,  the  waters  would  first  recede 
from  the  tops  of  the  highest  mountains,  which  would  thus  be  the 
earliest  habitable;  and  in  such  a  situation  the  family  of  Noah  in- 
creased, and  thence  spread  abroad  on  the  gradual  recession  of  the 
waters.  The  earliest  habitable  spot  was  probably  the  elevated  re- 
gion of  middle  Asia, — the  loftiest  in  the  world, — not  the  summits, 
which  would  be  unsuitable,  in  every  respect,  for  human  existence, 
but  some  of  the  lofty  plains,  such  as  that,  of  which  the  well-known 
desert  Eobi  or  Schamo  forms  the  highest  point,  and  from  whence 
Asia  sinks  gradually  towards  the  four  quarters,  and  the  great  moun- 
tain chains  proceed  that  intersect  Asia  in  every  direction. 

This  has  been  suggested  by  Herder  and  Apeluno  as  the  cradle 
of  the  human  race.  In  the  declivities  of  this  elevated  fegioto,  and 
of  its  mountain  chdins,  all  the  great  rivers  arise  that  flow  on  every 
side  through  this  division  of  the  globe.  After  the  deluge,  it  would 
therefore  soon  become  dry,  and  project,  like  an  extensive  island, 
above  the  flood.  The  cold  and  barren  elevation  of  Kobi  would  not 
itself  have  been  well  adapted  for  the  continued  residence  of  our  se- 
cond parents,  but  immediately  on  its  southern  side  lies  the  remark- 
able country  of  Tibet,  separated  by  lofty  ridges  from  the  rest  of 
the  world,  and  containing  within  itself  every  variety  of  climate. 
Although  on  the  snow-capt  summits  the  severest  cold  perpetually 
prevails,  summer  eternally  reigns  in  the  valleys  and  well-watered 
plains.  The  rice,  too,  the  vine,  pulse,  and  a  variety  of  other  pro- 
ductions of  the  vegetable  kingdom,  which  man  employs  for  his  nu- 
trition, are  indigenous  there;  and  those  animals  are  found  in  a 
wild  state,  which  man  has  domesticated  and  taken  along  with  him 
over  the  earth; — the  ox,  horse,  ass,  sheep,  goat,  camel,  swine,  dog, 
cat,  and  even  the  valuable  reindeer, — his  only  friend  and  companion 
in  the  icy  deserts  of  polar  countries.  Zimmermann,  indeed,  as- 
serts, that  every  one  of  the  domesticated  animals  is  originally  from 
Asia.  Close  to  Tibet,  and  immediately  on  the  declivity  of  this 
great  central  elevation,  is  the  charming  region  of  Easchemire,  the 
lofty  site  of  which  tempers  the  southern  heat  into  a  perpetual  spring. 
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The  proWbiUtm  in  farovr  cf  the  ertdle  of  Hiankiiid  haviogbeea 
situated  to  the  south  of  the  elevated  region  of  middle  Asia  are  coo- 
aidered  to  be  strengthened  by  the  cireumstanoe  of  the  nationa  in 
the  vicinity  possessing  a  rude,  meagre  and  imperfect  language,  audi 
aa  might  be  imagined  to  have  existed  in  the  iafaney  of  the  humaa  lo- 
tellect  and  of  the  world.  Not  less  than  two  hundred  miUiona  of 
people  are  found  there,  whose  language  appears  to  be  nearly  m 
simple  as  it  must  have  been  soon  after  its  formation.  Kasebenaire,  by 
reason  of  the  incessant  changes  which  it  has  experienced  in  aoeieot 
and  modern  times,  has,  indeed,  kept  pace  with  the  restof  the  w<Mrkl  in 
the  improvement  of  its  language,  but  not  so,  apparently,  withTibet^- 
ita  neighbour--and  with  China^and  the  kingdoms  of  Ava,  Pegtt,S\am, 
Tankin,  and  Cotsehinschina.  All  these  extensive  countries  and  these 
alone  in  the  known  world,  according  to  Adelunc^  betray  the  ioi- 
perfection  of  a  newly-formed  or  primitive  language.  As  the  eaiUest 
attempt  of  the  child  is  a  stammering  of  monosyllabic  notes,  so,  says 
that  eminent  philologist,  must  have  been  that  of  the  original  child  of 
nature;  and  the  Tibetans,  the  Chinese,  and  their  two  neighbours  to 
the  south  continue  to  stammer  moBosyllabically,  as  they  mual  have 
been  taught  thousands  of  years  ago  ia  the  infancy  of  their  race. 
^  No  separation  of  ideas  into  certain  classes,  whence  arose  the  parts 
of  speech  in  cultivated  languages.  The  same  aoond  which  denotes 
jogfuly  signifies  7'oy  and  to  glaeUienj^nA  this  in  every  person,  num- 
ber and  tense.  No  art,  connexion,  or  subordinate  ideas  are  nailed 
to  the  rude,  moaosyllabic  root,  thereby  commanioatkig  riahness, 
clearness  and  euphony  to  their  meagre  tongue.  The  rade,  moo<h 
ayllabic,  radical  ideas  are  placed  perhaps  braken  and  detached  from 
each  other,  the  hearer  being  left  to  supply  the  intermediate  ideas. 
As  the  monosyllable  admits  af  no  infieetion,  the  speaker  ekhcr 
makes  no  distinction  between  cases  and  numbers,  or  he  seeks  for 
aid,  in  cases  of  great  necessity,  in  circumlocution.  The  pkiral  he 
fonns,  like  the  child,  either  by  repetitiony--*/re^,  tree^ — or  by  the 
addition  of  th^  words  much  or  more,  as  iree  muihy  irte  wuftrt.  I 
much  or  I  more  is  the  san>e  to  him  as  sac/' 

From  these  and  other  circumstances  ABELVva  infers,  that  these 
monosylbbic  languages  are  primitive  and  the  honorable  anceslors 
of  all  others;*  that  the  immediate  descendants  of  Noah  originally 
occupied  the  favoured  region,  which  has  been  described,  and, 
as  population  increased,  spread  into  the  neighbouring  diatricts, 
•electing,  by  preference,  the  near  and  charming  regions  of  the 
south,  ea8t,.and  west  Hence  we  find  in  the  countries  immediately 
bordering  on  Tibet,  the  earliest  formed  states,  and  the  oldest  civi- 
Hzatioo.  History  refers  us  to  the  east,  for  the  primordial  germs  of 
most  of  our  ideas>  arta  and  sciences^  whence  they  suba^uently 


*  This  afgumest  of  Aoi&vve  i%  however,  more  plaanble  |>eiiiap8  than 
It  kat  been  correctly  remarked  by  the  distin^iihed  DuroirGXAV^  that,  in  all  Ian- 
piagei,  there  is  a  strong  tendency  to  preserve  their  original  structure,  and  that 
from  the  most  remote  period  to  which  the  memory  of  man  can  reach,  a  monosyl* 
labic  laagvafc  has  nevtr  batn  kaomi  ta  bcoome  po^yi^^Ldbie,  or  vise 
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spread  to  the  countries  farther  to  the  west, — to  Media,  Persia,  and 
western  Asia.  It  is  probable  that  from  this  part  of  Asia,  the  sons 
of  Noah, — Sheh,  Ham  and  Japheth,— branched  off  in  various  di- 
rections so  as  to  constitute  the  three  distinct  stocks,  which  are  found 
to  hare  divided  the  old  world  from  time  immemorial.  These 
three  are  I,  the  White,  Caucatian,  t^rabico- European,  or  Buro- 
ptan;  2,  the  Olive,  Mongolian,  Chinese,  Kalmuck,  or  Jlsiaiic; 
and  S,  the  Negro,  Ethiopian,  African,  Hottentot,  &c-  each  of 
which  has  its  own  principal  habitat; — the  white  being  found 
chiefly  iu  Europe  and  Asia  Minor,  Arabia,  Persia,  and  India,  as 
far  as  the  Ganges,  and  in  North  Africa;  the  Mongol  occupying  the 
rest  of  Asia,  and  having  its  focus  on  the  plateaux  of  Great  Tartary 
and  Tibet;  and  the  negro  race  covering  almost  the  whole  of  Af- 
rica, and  some  of  the  isles  of  New  Guinea,  the  country  of  the  Pa- 
pous,  &C.  The  white  or  Caucasian  variety  are  supposed  to  be  the 
descendants  of  Jafheth,  ("audax  Sat^ti  genus,"  Horace;)  the 
Asiatic  of  Shem  ;  whilst  Hah  is  regarded  as  the  parent  of  the  un- 
happy African. 

These  three  races, — the  Caucasian,  Negro,  and  Mongolian, — are 
alone  admitted  by  Gdvier,  whose  classification  will  serve  our  purpose 
as  well  as  any  of  the  others  to  which  reference  will  be  made  presently. 

1.  The  Caucasian  race  is  chiefly  distinguished  by  the  elegant 
form  of  the  head,  which  approximates  to  a  perfect  oval.  It  is  also 
remarkable  for  variations  in  the  shade  of  the  complexion  and  colour 
of  the  hair.  From  this  variety  the  most  civilized  nations  have 
sprung.  The  name  Caucasian 

was  given  to  it  from  the  groupe  Fig.  1 69. 

of  mountains,  between  the  Cas- 
pian  and  theBlack  Sea, — tradi- 
tion seeming  to  refer  the  origin 
ofthisrace  to  that  part  of  Asia. 
Even  at  the  present  day  the 
peculiar  characteristics  of  the 
race  are  found  in  the  highest 
perfection  amongst  the  people, 
who  dwell  in  the  vicinity  of 
Mount  Caucasus, — the  Georgi- 
ans and  Circassians, — who  are 
considered  the  handsomest  na- 
tives of  the  earth. 

The  marginal  figure  is  given 
by  Bldmembach  as  a  speci- 
men of  the  Caucasian  race,  near 
the  original  residence  whence 
the  epithet  is  derived.  It  re- 
presents Jnsnv  AouiAH  Efxh- 
Di,  formerly  ambassador  from 
the  Porte  to  London.  c™«i«.Twi«T. 

The  Caucatian  race  has  been  subdivided  into  several  great  na- 
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tioQS  or  families: — 1.  The  ArcUu,  comprising  the  Arabs  of  the  de- 
sert or  the  Bedouins,  the  Hebrews,  the  Druses  and  other  inhabitants 
of  Libanus,  the  Syrians,  Chaldanns,  Egjrptians,  Phoenicians,  Abys- 
sinians,  Moors,  &c.  2.  The  Hindix}s  on  the  European  side  of  the 
Ganges; — as  the  inhabitants  of  Bengal,  of  the  coasts  of  Coromandel 
and  Malabar,  the  ancient  Persians,  &c.  3.  The  Scythians  aod 
European  Tartars^  comprising  also  the  Circassians,  Georgians, *&& 
4.  The  KdiSj  a  dark-haired  race,  the  precise  origin  of  which  b 
unknown,  but  presumed  to  be  Indian*  The  descendants  of  this  race 
are  the  Gauls,  Welsh,  Rha&tians,  &e.  &c. ;  and,  lastly,  the  Oothi,  a  fair^ 
haired  race,  the  ancestors  of  the  Germans,  Dutch,  Swedes,  Danes,  &c. 

That  the  time  of  the  first  peopling  of  the  European  countries 
most  have  been  yery  remote  is  exhibited  by  the  fact,  that  at  the 
dawn  of  history,  the  whole  of  Europe,  firom  the  Don  to  the  axHith 
of  the  Tagus,  was  filled  with  nations  of  various  physical  characters 
and  languages,  and  bearing  striking  marks  of  intermixture  and  mo- 
dification. At  this  period  there  were,  in  Europe,  at  least  six  great 
nations.  1st  The  Iberians  with  the  Cantabriy  in  Spain,  in  a  part 
of  Graul,  and  on  the  coasts  of  the  Mediterranean  as  far  as  Italy. 
2dly.  The  Kelts  in  Gaul,  in  the  British  Isles,  between  the  Danube 
and  the  Alps,  and  in  a  part  of  Italy.  3dly.  The  Gtrmoni 
or  Oothsy  between  the  Rhine,  the  Danube  and  the  Vistula. 
4thly.  The  Thracians  with  the  Ulyrians^  in  the  south-east  ef 
Europe,  and  in  western  Asia.  5thly.  The  Sclaviy  in  the  north: 
and  6thly.  The  Fins  in  the  north-east  It  is  not  improbable  but 
that  these  different  races  migrated  from  Asia  in  the  order  we 
have  mentioned :— -such  is  the  theory  of  certain  historiaDS  and  phi- 
lologers,  and  there  is  some  reason  for  adopting  it  They,  who  mi- 
grated first,  would  probably  extend  their  wanderings  until  they 
were  arrested  by  some  invincible  obstacle,  or  until  the  arrival  of 
fresh  tribes  would  drive  them  onwards  farther  and  farther  towards 
the  west  In  this  way  they  would  ultimately  reach  the  ocean,  which 
would  e£fectually  arrest  their  farther  progress,  unless  towards  the 
south  and  the  north.  The  descendants  of  the  ancient  Iberians  do 
DOW  actually  occupy  the  west  of  Spain, — the  reaidenee  probably  ef 
their  forefathers. 

Nearly  about  the  same  tin>e,  perhaps,  as  the  Iberians  undertoc^ 
their  migration,  the  Kelts,  a  populous  tribe,  migrated  from  some 
part  of  Asia,  and  occupied  a  considerable  portion  of  middle  Europe. 
To  these  succeeded  the  Goths,  to  the  north,  and  the  Thracians  to 
the  south;  whilst  the  Selavi,  the  last  of  the  Asiatie  emigrants,  wan- 
dered still  farther  north.  It  is  not  easy  to  determine  the  precise 
link  occupied  by  the  Fins  in  this  vast  chain  of  nations.  They  were 
first  known  to  history  as  a  peculiar  people  in  the  north  of  Europe, 
but  whence  they  proceeded,  or  whether  they  occupied  their  posi- 
tion to  the  north  of  the  Germani  from  choice,  or  were  ui^ed  oa- 
wards  by  their  more  powerful  neighbours,  we  know  not 

So  long  as  there  was  sufficient  space  for  the  nations  to  occupy, 
without  disturbing  the  possessions  of  their  neighboors^  they  proI»- 
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hly  kept  themselves  distioct;  but  as  soon  as  the  luid  wu  filled,  a 
contest  arose  for  the  postession  of  more  extensive  or  more  eligible 
regions;  wars  were,  consequently ,  undertaken,  and  the  weaker  gra- 
dually yielded  their  possessions,  or  their  sovereignty,  to  the  stronger. 
Hence,  at  the  very  dawn  of  history,  numerous  nations  were  met 
with,  amalgBmated  both  in  blood  and  language; — for  example,  the 
Kelto-lberians  of  Spain;  theBelgsor  Eymbri  of  GaulandBritaia; 
the  Latins,  and  other  nations  of  Italy,  and  probably  many,  whose 
manners,  characters,  and  language  had  become  so  melted  into  each 
other  as  to  leave  iittle  or  no  trace  of  the  original  constituents.  The 
Letti,  Wallachians,  Hungarians,  and  Albanians  of  eastern  Europe^ 
are  supposed  to  afibrd  examples  of  such  amalgamation,  whilst  the 
mighty  Sclavonic  nation  has  swallowed  up  numbers  of  less  powerful 
tribes,  and  annihilated  even  their  names  for  ever.  This  it  is,  which 
frequently  embarrasses  the  philological  historian ;  and  prevents  him, 
without  other  evidence,  from  deducing  with  accuracy  the  parent 
stocks  or  the  most  important  components  in  ethnical  admixtures. 

2.  The  Negro,  African,  Ethiopian  or  Slack  man  of  Gmeuk, 
occupies  a  less  extensive  surface  of  the  globe,  embracing  the  coun- 
try of  Africa,  which  extends  from  the  southern  side  of  Mount  At- 
las to  the  Gape  of  Good  Hope.  This  race  is  evidently  of  a  less  per- 
feot  organization  than  the  lust,  and  has  some  characteristics  which 
approximate  it  more  to  the  monkey  kind.  The  forehead  is  flatten- 
ed and  retiring;  the  akull  is  smaller,  and  holds  from  four  to  nine 
ounces  of  water  less  than  that  of  the  European.  On  the  other  hand, 
the  face,  which  contains  the  organs  of  sense,  is  more  developed,  and 
projects  more  like  a  snout  The  lips  are  large;  the  cheek  bones 
prominent;  the  temporal  fossae  hollower;  the  muscleii  of  mastication 
stronger;  and  the  facial  angle  is  smaller; — the  head  of  the  negro,  in 
this  respect,  holding  a  middle  place  between  the  Caucasian  and  the 
ourang-outang.  The  nose  is  expanded;  the  hair  short  and  woolly, 
very  black  and  frizzled.  Skin  black.  This  colour  is  not,  however, 
characteristic  of  the  race,  as  the  Hottentots  and  Caffres  are  yellow. 

The  marginal  figure  is  the 
bead  of  J.  J.  E.  Camteih,  se-  ^ig-  I'O. 

lected  by  Blttuenbach  at 
the  representative  of  hts  race. 
He  was  an  intelligent  negro, 
and  published  several  ser- 
mons and  other  works  in  La- 
tin and  Dutch.  His  portrait 
was  taken  by  Vas  Dtk. 
This  case  of  great  intelli- 
gence in  the  negro  is  not 
unique;  and  it  exhibits  what 
may  be  expected  from  him 
under  favourable  circum- 
stance!. In  almost  all  situa- 
tions in  which  he  is  found,  it  HcimmMT- 


408  INDtVIDUAL   DIFFBBXHOBB. 

is  in  the  state  of  slavery,  and  degradation,  and  no  inrerence  can  be 
deduced  reganJing  his  original  grundkraft — as  the  Germans  cal\ 
it—or  intellectual  capability  under  such  circumstances.  Haiti  has  af- 
forded numerous  examples  of  the  sound  judgment,  and  even  distin- 
guished ability,  wiih  which  her  sable  inhabitants  are  capable  of  con- 
ducting, not  only  the  municipal,  but  the  foreign  concerns  of  a  con- 
siderable community.  It  must  be  admitted,  however,  that  from  or- 
nnization,  this  race  would  seem  to  be,  ettterit  paribus,  less  fitted 
tor  intellectual  distinction  than  the  Caucasian. 

S.  The  Mongolian  or  Asiatic,  Kalmuck  or  Chinese  race,  fbe 
brmonman  of  Gmelin,  is  recognised  by  prominent  and  wide  cheek 
bones;  flat,  square  visage;  small  and  oblique  eyes;  straight  and  black 
hair;  scanty  beard,  and  olive  complexion. 

The  marginal  head  is  from  Blitkbiibach.     It  is  that  of  Feodoi 
Itahowitscb,  a  Kalmuck,  given  by 
■"iff-  17*-  the  empress  of  Russia  to  the  heredi- 

tary  princess  of  Baden.  He  was  edu- 
cated at  Carlsnihe,  and  was  a  most 
distinguished  painter  at  Rome.  Tbe 
portrait  was  sketched  by  PsODOk 
himself. 

Tbe  Mongols  are  spread  over  Uie 
central  and  eastern  parts  of  Asia,  with 
the  exception  of  the  peninsula  of  Ma- 
lacca.    They  likewise  stretch  aloi^ 
I   the  whole  of  the  Arctic  q^ons,  from 
Russia  and  Lapland  to  Greenland, 
and  the  northern  parts  of  the  Arneii- 
^  can  continent,  as  far  as  Behrlng's 
Straits, — the  Laplanders  and  Esqui- 
Smaux  being  evidently  of  the  sane 
race  as  the  Kortaks,  Kamtscfaadales, 
Japanese,  &c.  of  the  Asiatic  conti- 
nent. 

Such  are  the  three  varieties  whence, 

MawBiiu  Tukty.  j„  tj,g  opinion  of  Covibb,  all  the  rest 

may  be  deduced.     Rudolfhi  and  others  have  added  to  these  the 

nee,  which  is  peculiar  to  our  own  country,  and  has  by  some  beeo 

esteemed  indigenous. 

The  American  race  or  red  man  of  GuELm  differs  greatly  in 
stature,  colour,  and  physiognomy  in  various  parts  of  the  continent, 
but  his  medium  height  corresponds  with  that  of  the  European.  His 
colour  is  from  a  cinnamon- brown  to  a  deep  copper.  The  hair  is 
almost  always  black,  straight  and  stiff.  Tbe  features  are  large  and 
strongly  marked,  except  the  eyes,  which  are  commonly  deep-seated, 
or  sunk  in  large  sockets.  The  forehead  is  generally  low,  somewhit 
compressed  at  the  sides,  and  slightly  retreating.  Facial  angle 
about  80°.  Nose  generally  considerably  raised  from  the  face,  sone- 
timei  arched;  cheek  bones  high,  and  widely  separated;  angle 
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of  the  jtw  brud,  and  chin  square.  The  BccompinyiDg  head  is 
that  of  OiiepATONSA,  (Big  Elk,)  chief  of  the  Omawhaw  Indians, 
and  is  taken  from  the  •American  Natural  Hiitory  of  the  lamented 

GODMAN. 

Fig.  172. 


Amnion  Tuinj. 

Other  naturalists,  as  Bldmshbach,  DinxRiL,  LAwbskce,  &c. 
add  to  these  four  varieties  a  fifth, — the  Malay  or  .Australian;— 
the  TVjtwny  man  of  GHXLitr,  owing  to  the  difficulty  of  referring 
it  either  to  the  Caucasian  Indian,  or  to  the  Chinese  Mongolian, 
situated  in  its  vicinity.  This  Malay  variety  extends  from  Ma- 
lacca to  the  most  remote  islands  of  Uie  great  Indian  and  Pacific 
ocean,  from  Madagascar  to  the  Maldives,  inclusive;  inhabits  Su- 
matra, Java,  Borneo,  Celebes,  and  the  adjacent  islands-,  the  Mo- 
lacca,  Ladrones,  Philippine,  Marian,  and  Caroline  groupesj  New 
Holland,  Van  Dieman's  Land,  New  Guinea,  New  Zealand,  and  the 
various  islands  scattered  through  the  South  Sea.  It  is  termed  Malay 
because  supposed  to  have  proceeded  originally  from  the  Peninsula 
of  Malacca,  and  to  have  spread  thence  over  the  adjacent  islands,  a 
supposition  which  is  not  confirmed  by  history:  on  the  contrary, 
according  to  Mr.  Maksdkn,  it  is  clearly  demonstrated,  that  the  Ma- 
lays went  from  Sumatra  to  Malacca  in  the  twelfth  century.  No 
well-marked,  common  characters  can  be  assigned  to  this  variety; 
for,  under  the  term  Malay,  races  are  included  which  seem  to  dif- 
fer materially  from  each  other;  so  much  so,  indeed,  as  to  induce 
many  naturalists  to  refuse  the  admission  of  the  Malay  as  a  distinct 
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variety*  Their  colour  may  be  aaid  to  be  browD,  in  yarious  shades, 
from  a  light  tairoy,  to  almost  a  Mack;  the  forehead  is  low  and  round; 
the  nose  full  and  broad;  nostrils  wide;  mouth  large;  hair  thick^  crisp^ 
and  always  black,  as  well  as  the  iris.  Fig.  119  exhibits  an  indivi- 
dual of  this  race:  it  is  the  head  of  a  New  Zealand  chief.  Cuyixb, 
RuDOLFHiy  ViRSY  and  others  consider  the  Malay  variety  to  be  a 
mixture  of  the  Mongol  of  Asia  and  the  negro  of  Africa. 

In  New  Guinea,  and  the  small  islands  around,  the  Papaus  are 
found,  who  resemble  the  negroes  yet  more  strongly ;  and  similar 
races  are  met  with  in  the  Archipelago  of  the  Holy  Ghost,  and  in  the 
isles  of  Andaman  and  Formosa.  They  are  presumed  to  belong  really 
to  the  negro  race,  and  to  have  descended  perhaps  from  individuals 
of  that  variety,  who  had  wandered,  or  been  driven,  from  their 
original  settlements.  Some  of  them  resemble  the  Guinea  negro  in 
every  particular. 

Of  late  years,  many  other  races  have  been  added  to  those  ad- 
mitted by  Blumenbach;  especially  by  Messrs.  Viret,  Desmou- 
LiNS,  and  BoRY  de  Saint-Vincent.  Virey  admits  two  distinct  sp^ 
cieSf  which  he  determines  by  the  size  of  the  facial  angle.  To  the 
one  he  refers  all  those  in  whom  this  angle  is  from  85°  to  90%  in- 
cluding three  races : — the  white,  the  tawny  and  the  copper-co- 
loured. As  subdivisions  of  the  first  of  these  he  distinguishes^ — ^the 
Jndo'Arabj  the  KeltiCj  and  the  Caucasian;  of  the  second,  the 
Chinesty  the  Mongolian  Kalmuck^  and  the  Ostiack  Laplander; 
and  of  the  third  the  American  or  Caraib.  To  the  second  species, 
in  which  the  facial  angle  is  only  from  75°  to  82°,  he  refers  the  dark- 
browny  the  blacky  and  the  blackish  races;  the  first  of  which  com- 
prises the  Malay  or  Indian  variety;  the  second,  the  Caffre  and 
the  Negro;  and  the  third,  the  Hottentot  and  the  Papous. 

Desmoulins,  from  the  state  of  the  hair,  the  character  of  the  fea- 
tures, the  arrangement  of  the  teeth,  the  colour  of  the  skin,  and  the 
size  of  the  facial  angle, reckons  eleven  species,  whom  he  denominates 
after  the  countries  they  inhabit; — viz.  tbe  Kelto- Scythian  •drcAjiht 
Mongol^  the  Ethiopian^  the  Euro-Africany  the  Jiustro^/rican^ 
the  Malay  or  Oceanic,  the  PapoitSf  the  Oceanic  Negroy  the  •4ii#- 
tralasian,  the  Columbian^  and  the  American,  The  seven  first 
of  these  are  but  subdivisions  of  the  Caucasian,  Mongolian,  and  ne- 
gro divisions  of  Cuvier,  and  DssMOUMNs  conceives,  that  an  im- 
proved acquaintance  with  anthropology  may  justify  subdivisions  in 
the  Columbian  and  American  races,  which  he  has  separated.  Boar 
DE  Saint- Vincent  adopts  the  same  principles  as  Desmoulins,  and 
extends  the  species  to  fifteen,  viz.  the  Japhetic,  Arabic,  BRndoo, 
Scythian,  Sinic,  Hyperborean,  Neptunian,  Australian,  Colum- 
bian,  American,  Patagonian,  Ethiopian,  Caffre,  Melanian,  and 
Hottentot* 

We  have  briefly  stated  the  various  classifications  of  the  naturalist^ 
to  exhibit  the  vacillation,  which  yet  exists  on  the  precise  nam-^ 
ber  of  races  that  should  be  admitted.  Every  division  must  neees- 
sarily  be  arbitrary,  and  the  individuals  composing  each  variety  are 
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far  from  being  alike.  We  find  the  greatest  diverrityi  for  example, 
amongst  the  nations  of  the  Caucasian  variety,  and  even  amongst 
any  of  its  subdivisions.  The  French  can  he  distinguished  from  Uie 
Grerman,  the  Spaniard  from  the  English,  &c  and  if  we  were  to  push 
the  system  of  subdividing,  which  appears  at  present  to  be  fashion- 
able,  we  might  constitute  almost  every  nation  of  the  globe  into  a 
distinct  variety. 

It  has  been  an  oft  agitated  question,  whether  all  the  varieties 
amongst  mankind  must  be  regarded  as  belonging  to  the  same  spe- 
cies,— the  differences,  which  we  observe,  having  been  accomplished 
by  extraneous  circumstances  acting  through  a  long  succession  of 
ages ;  or  whether  they  must  not  be  regarded  as  distinct  species,  ab 
arigine.  By  many,  the  discussion  of  this  subject  has  been  esteemed 
not  only  unnecessary  but  profane,  inasmuch  as  the  sacred  historian 
has  unequivocally  declared  that  all  mankind  had  a  common  origin. 
We  have  already  remarked,  however,  that  this  is  not  a  question, 
which  concerns  our  first  parents,  but  belongs  exclusively  to  the 
family  of  Noah  ;  for,  in  his  descendants,  all  these  varieties  must  ne- 
cessarily have  occurred.  From  the  part  of  Asia,  previously  de- 
scribed, his  immediate  descendants  probably  spread  abroad  to  the 
north  and  to  the  south,  to  the  east  and  to  the  west;  Europe  being 
peopled  by  the  migratory  hordes  which  proceeded  towards  the 
north-west,  and  Africa  by  those  from  south-western  Asia.  These 
migrations  probably  all  took  place  by  land,  except  in  the  case  of 
our  own  continent,  where  a  slight  sea-voyage,  of  not  more  than 
thirty-nine  miles,  across  Behring^s  Straits,  even  in  frail  vessels, 
would  be  sufficient  to  transport  the  emigrants  without  much  risk  of 
misadventure;  and  even  this  short  voyage  would  be  rendered  un- 
necessary during  the  winter  season,  the  Strait  being  solidified  into 
a  continuous  mass  of  ice. 

Europe  probably  received  its  inhabitants  long  before  navigation 
oceurred  to  any  extent  Subsequently,  when  a  coasting  trade  was 
first  eatabtished, — ^to  which  the  enterprise  of  nations  would  neces- 
sarily be  limited  in  the  first  instance,  until  by  improved  vessels  and 
a  better  system  of  management  they  were  enabled  to  brave  the  ter- 
rors of  the  ocean  and  undertake  their  adventurous  voyages  of  dis- 
covery,— many  of  the  coasts,  especially  of  the  Mediterranean,  re- 
ceived swarms  of  emigrants,  a  circumstance  which  accounts  for  the 
motley  population  observable,  at  an  early  period,  in  these  regions. 
Carthage,  we  know,  was  settled  by  the  Phoenicians,  and  Southern 
Italy  and  Spain,  in  this  manner,  received  their  Greek  colonies.  Dr. 
Copland  has  even  expressed  his  belief  in  the  view,  that  this  con- 
tinent was  visited  "  by  Phoenician  navigators,  the  greater  part  of 
whom  settled  in  it,  particularly  in  Mexico;  and  that  the  imperfect 
navigation  of  that  era  preventeid  many  of  the  adventurers,  if  not  all 
of  them,  from  returning."  The  notion  is,  however,  altogether  hypo- 
thetical. 

The  greatest  difficulty  has  been,-— to  comprehend  bow  the 
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Caucasian  and  Ethiopian  varieties  coald  have  originated  from  the 
same  source.  The  other  rarieties  of  mankind,  if  we  exelude  tbe 
negro,  could  be  referred,  without  much  hesitancy,  to  the  same 
primitive  stock, — the  changes  being  caused  by  adventitious  circum- 
stances operating  for  an  immense  period, — but  it  has  seemed  to 
many  naturalists  impossible  to  suppose^  that  the  characters  of  the 
negro  could,  by  any  process^  become  converted  into  those  of  the 
European,  or  vice  versa. 

The  people  of  antediluvian  times  probably  possessed  but  few 
physical  differences,  constituting  one  large  family,  modified,  per- 
haps, to  a  certain  extent,  by  circumstances,  but  not  materially;  the 
two  antithetical  races, — the  white  and  the  black, — first  arising  in 
postdiluvian  periods.  If  we  adopt  this  view,  the  question  regarding 
the  difference  of  species  between  the  white  and  the  black  varieties 
requires  no  agitation.  But  how  are  we  to  explain  the  essential 
differences,  as  to  form  and  colour,  which  we  notice  amongst  the  na- 
tions of  the  earth  ? 

.  In  the  infancy  of  anthropology  it  was  asserted,  that  tbe  white 
races  inhabit  the  cold  and  temperate  regions  of  the  earth,  whilst  the 
tawny  and  the  darker  races  are  situated  under  a  more  vertical  suo. 
Within  certain  limits  the  sun  is  certainly  possessed  of  the  power  of 
modifying  the  colour.  The  difference  between  one  who  has  been 
for  some  time  exposed  to  the  rays  of  a  tropical  sun,  and  his  brethren 
of  the  more  temperate  climates,  is  a  matter  of  universal  observation. 
The  inhabitant  of  Spain  is,in  this  way,  distinguished  from  the  French, 
German,  English,  &c.;  and  hence  we  can  understand,  why  the 
Southern  Asiatic  and  African  women  of  the  Arab  race,  when  con- 
fined within  the  walls  of  the  seraglio,  are  as  white  as  the  fairest 
Europeans.  There  are  many  exceptions,  however,  to  the  notion 
which  has  prevailed,  that  there  is  an  exact  ratio  between  the  heat 
of  the  climate  and  the  blackness  of  the  skin.  For  example,  at  the 
extreme  north  of  Europe,  Asia,  and  America,  we  find  the  Lap- 
landers, Samoiedes,  Esquimaux,  &c.  with  the  skin  very  brown, 
and  the  hair  and  iris  black;  whilst  in  the  vicinity  of  the  Laplanders 
are  the  Fins,  people  of  large  stature  compared  with  the  Laplanders, 
with  fair  skins  and  bluish-gray  eyes.  In  the  same  manner,  to  the 
south  of  the  Greenlander, — of  short  stature,  brown  skin,  and  dark 
hair, — is  the  tall  and  fair  Icelander.  The  Kelt  of  Wales,  and  of  the 
western  coast  of  Ireland,  of  the  north  of  Scotland,  and  of  the  west 
of  Bretagne,  is  still  distinguished  by  his  dark  hair  and  eyes,  from 
the  light-haired  descendants  of  the  Goth, — the  German  and  the 
Scandinavian.  A  number  of  distinct  tribes  exist  in  the  interior  of 
Africa,— ^having  a  red  or  copper  hue,  with  lank  black  hair,  and  in 
the  midst  of  the  black  varieties  of  their  species.  A  similar  fact 
was  observed  by  Humboldt  in  different  parts  of  South  America. 

Again,  the  negro  race  is  not  always  found  in  the  torrid  aone.  Oa 
our  own  continent  none  have  ever  been  met  with,  except  what  have 
been  imported;  and  these,  after  repeated  descents,  have  still  retaia- 
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od  thdr  original  charaetor ;  whilst,  as  we  ha^  seeoj  nMroes  are  mot 
with  in  Aostralia  under  a  climate  as  cold  as  that  of  Washington. 
The  fact  of  the  slight  mutation,  effected  by  ages  on  the  character  of 
a  race,  is  strikingly  shown  by  the  circumstance  to  which  we  haye  re- 
ferred elsewhere,  that  in  some  of  the  monuments  of  Egypt,  visited  by 
BBLzoHiand  Champollion,  representations  of  the  negro,  presumed 
to  be  upwards  of  three  thousand  years  old,  exhibit  the  features  to 
be  almost  identical  with  those  of  the  negro  of  the  present  day.  The 
Jew  affords  an  example  of  the  same  immutability,  as  well  as  the 
Esquimaux,  who  strikingly  retain  the  evidences  of  their  Kalmuck 
origin.  Complexion,  and,  to  a  certain  extent,  the  figure  are  doubt- 
less modified  by  organization,  but  the  essential  characters  of  the 
organization  remain  little  if  at  all  changed. 

V  OLNBT  has  fancifully  supposed,  that  the  elongated  visage  of  the 
negro  is  owing  to  the  wry  face  habitually  made  under  exposure  to  the 
rays  of  the  sun.  Independently,  however,  of  the  objection,  that  this 
would  be  wholly  insufficient  to  account  for  the  striking  peculiarities 
of  the  negro  head,  it  has  already  been  remarked,  that  these  pecu- 
liarities do  not  exist  amongst  other  races,  inhabiting  equally  hot 
climes;  and  that  the  negro  himself  is  not  confined  to  those  climates, 
and  ought,  consequently,  to  lose  the  fmMeau  or  snout,  when  the 
country  is  so  cool  as  to  render  the  wry  face  or  moue  unnecea- 
fanr* 

It  may  then,  we  think,  be  concluded,  that  the  evidence,  in  favour 
of  the  colour  oAhe  negro,  of  the  red  man,  or  of  the  tawny,  being  pro- 
duced directly  or  indirectly  by  the  solar  rays,  is  insufficient  to  esta- 
blish the  point  Still  its  effects  are  considerable :  in  all  cases,  how- 
ever, the  children  are  bom  fair,  and  would  continue  so,  if  not  ex- 
posed to  the  d^ree  of  solar  heat  which  had  produced  the  change 
in  their  progenitors. 

In  addition  to  the  influence  of  temperature  and  climate,  that  of 
food,  and  of  different  manners  and  customs  has  been  frequently  in- 
voked, but  without  any  precise  results  being  deduced.  The  effect 
of  difference  in  manners  and  customs  is  shown  in  the  result  of  do- 
mestication on  animals, — as  in  the  case  of  the  wild  and  the  disciplined 
horse;  of  the  bison  and  the  ox;  which  last  is  regarded  as  the  bison  in  a 
state  of  tameness.  The  precise  causes  of  such  modification  we  know 
not  It  is  not  confined  to  the  animal,  but  is  signally  evidenced  in 
the  vegetable.  The  flower  of  the  forest,  when  received  into  the 
parterre  and  carefully  nurtured,  will  develope  itself  in  such  a  man- 
ner as  to  be  with  difficulty  recognisable.  The  change  seems  to  be 
produced  by  variation  in  climate  and  nutrition,  but  in  what  precise 
manner  we  know  not 

The  powerful  modifying  influence  of  locality  on  the  develq>- 
ment  of  the  moral  and  physical  powers  has  been  more  than  onee 
referred  to.  Perhaps  the  most  remarkable  examples  are  met  with 
at  the  base  of  lofty  mountains,  particularly  of  the  Alps,  and  in  some 
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of  the  unheilthy  districts  of  France  especially.  One  of  these  is 
creiinism^  a  singular  case  of  malformation,  with  which  we  are  hap- 
pily  unacquainted  in  the  United  States. 

This  is  a  state  of  idiocy,  which  is  remarkable  in  its  subjects  be- 
ing always  more  or  less  deformed,  and  in  its  appearing  to  originate 
from  local  influences.  The  cretin  has  every  characteristic  of  the 
idiot;  and,  in  addition,  is  often  distinguished  by  a  large  gottrt  or 
swelling  of  the  thyroid  gland;  by  soft,  flabby  flesh;  and  by  shrivelled, 
yellowish,  or  pale  and  cadaverous  skins,  covered  at  times  with 
filthy  cutaneous  eruptions.  The  tongue  is  thick  and  pendent;  the 
eyelids  large  and  projecting;  the  eyes  gummy,  red  and  prominent; 
the  nose  flat;  the  mouth  gaping  and  drivelling;  the  face  puffy,  and, 
at  times,  violet-colored,  and  the  lower  jaw  elongated.  In  several 
the  forehead  is  broad  inferiorly,  and  flattened  and  retreating  above, 
giving  the  cranium  the  shape  of  a  cone  rounded  towards  its  smaller 
extremity.  The  stature  of  the  cretin  is  generally  small,  scarcely 
ever  exceeding  four  feet  and  a  few  inches;  the  limbs  are  frequently 
malformed,  and  almost  always  kept  in  a  state  of  flexion.  All  the 
cretins  are  not  affected  with  goitre.  Some  have  lar^e  and  short, 
whilst  others  have  thin,  and  long,  necks.  Likd  the  idiot,  the  cretin 
does  not  generally  live  long,  scarcely  ever  surviving  the  thirtieth 
year. 

Authors  have  differed  in  opinion  on  the  causes  of  this  deplorable 
condition.  It  is  observed  almost  exclusively  in  the  deep  and  narrow 
valleys  at  the  foot  of  lofty  mountains,  and  in  mountain  goi^ea. 
Hence  it  is  common  in  that  part  of  the  Alps  called  the  ViJais  or 
Wallais;  in  the  valley  of  Aost,  La  Maurienne,  &c.  It  is  met  with, 
too,  at  the  foot  of  the  mountains  of  Auvergne,the  Pyrenees,  the  Tyrol, 
&C.  Ds  Sadssure,  Esquirol,  Foder^,  RASfBUTEAU,  and  all  who 
have  had  an  opportunity  of  observing  these  miserable  wrecks  of 
humanity,  believe,  that  the  great  Cause  is  ,the  concentrated,  moist, 
and  warm  air,  which  prevails  throughout  almost  the  whole  of  the 
year  in  the  valleys  and  mountain  goi^es  where  it  b  found  to  exist 

After  all,  perhaps,  the  strongest  arguments, — in  favour  of  extra- 
neous circumstances  occasioning,  in  the  lapse  of  ages,  the  different 
varieties,  which  we  observe  in  the  great  human  family, — are  those 
derived  from  the  changes  that  must  have  occurred  amongst  many 
of  the  inferior  aninrials.  The  dog,  in  its  wild  state,  has  always  pretty 
nearly  the  same  characters;  being  covered  with  hair  of  the  same 
colour;  the  ears  and  tail,  and  limbs,  having  the  same  shape;  and  it 
exhibits,  apparently,  the  same  powers  and  instincts;  but  on  this 
matter  our  knowledge,  derived  from  observation,  is  necessarily 
limited.  Yet  what  a  number  of  varieties  are  observed  in  the  ani- 
mal when  it  becomes  domesticated;  and  how  different  from  each 
other,  in  shape,  colour,  character  of  skin  and  instincts,  are  the 
spaniel,  hound,  greyhound,  pointer,  mastiff*,  terrier,  cur,  pug,  lap- 
dog,  &c.;  differences  certainly  as  great  as  between  Uie  varieties  of 
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mankind.  These  diflferences^  it  is  presumable^  may  have  been  pro- 
duced partly  by  the  occurrence  of  accidental  yarieties,  affecting  per- 
haps a  whole  litter, — male  and  female;  so  that  if  these  again  were 
to  be  coupled,  the  variety,  thus  accidentally  caused,  may  have  become 
permanent.  Such  accidental  varieties  occasionally  occur  in  the  hu- 
man species,  but  they  are  soon  lost,  in  consequence  of  the  wise  law 
that  prevents  individuals,  within  certain  degrees  of  consanguinity, 
from  marrying.  It  is  by  no  means  uncommon,  for  example,  for 
different  children  of  the  same  family,  from  some  accidental  cause, 
to  be  born  with  six  fingers.  The  author  has  met  with  two  families 
in  each  of  which  more  than  one  individual  was  thus  circumstanced; 
and  Sir  Anthony  Carlisle  has  detailed  the  remarkable  case  of  a 
family  from  this  continent,  where  the  superfluity  extended,  in  the 
case  of  a  female,  to  two  thumbs  on  each  hand,  and  to  six  toes  on 
each  foot  She  married  and  had  several  children,  who,  in  their  turn^ 
became  parents,  and  transmitted  the  peculiarity  to  their  children  to 
the  fourth  generation.  Now,  if  the  members  of  this  family  had  con- 
tinued to  marry  in  and  in,  a  new  race  of  individuals  might  have  been 
perpetuated,  possessing  the  unnecessary  additions  in  question.  Under 
existing  laws  and  customs,  however,  it  must  always  happen,  that 
where  such  a  peculiarity  exists  in  one  parent  only,  it  must  soon  be- 
come extinct;  yet,  as  we  have  seen,  it  maybe  pertinacious  enough 
to  persist  for  some  generations.  Fortunately,  also,  it  happens,  that  no 
change  which  occurs  accidentally  in  the  parent  after  birth  is  liable 
to  be  extended  to  the  progeny.  Were  it  otherwise,  it  will  be  at 
once  seen,  the  most  strange  and  innumerable  varieties  of  races  would 
exist  Where  a  limb  had  become  distorted  or  amputated,  a  stock 
of  one-limbed  animals  would  be  formed;  the  docked  horse  would 
propagate  a  mutilated  colt;  the  operation  of  circumcision  performed 
on  one  parent  ought  to  be  sufficient  for  the  whole  of  his  descend- 
ants, &c.  &c. 

In  addition  to  this  mode  of  accounting  for  the  great  number  of 
varieties  in  animals  of  the  same  species,  the  influence  of  a  difference 
in  manners  and  customs,  which  we  have  already  considered,  has 
been  invoked;  and  it  has  been  conceived,  that  the  effect  of  civili- 
zation and  refinement  on  the  human  race  may  be  analogous  to  that 
of  domestication  on  the  inferior  animals.  This  kind  of  influence 
is  said  to  be  particularly  observable  amongst  the  inhabitants  of 
Hindusthan,  where,  in  consequence  of  the  division  into  castes,  the 
same  condition  of  life,  and  the  same  occupation  are  continued  with- 
out change  through  many  successive  generations.  The  artisans^ 
who  are  a  superior  class,  are  of  a  manifestly  lighter  complexion 
than  the  tillers  of  the  soil;  and  in  many  of  the  islands  of  Polynesia 
the  same  difference  exists  between  the  classes  as  in  Hindusthan. 

The  believers,  then,  in  the  Mosaic  account  of  the  creation,  and  the 
deluge,  must  regard  all  the  varieties  of  mankind  to  have  descended 
from  the  same  Umily, — that  of  Noah, — and  the  different  changes, 
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which  have  been  impressed  upon  their  descendants^  to  be  results  of 
extraneous  influences  acting  through  a  long  succession  of  ages,  add- 
ed to  the  production  perhaps  of  accidental  varieties)  which  may 
have  occurred  in  the  very  infancy  of  postdiluvian  existence, 
when  the  intermarriage  of  near  relations  was  unavoidable,  and 
when  such  varieties  would  necessarily  be  perpetuated.  The  race 
of  Ham  appears  to  have  been  separated,  if  not  wholly,  at  least  in 
part,  from  their  brethren  by  the  malediction  of  Noah;  and  whe- 
ther we  consider  that  a  physical  alteration  was  comprised  in  the 
malediction,  or  that  such  alteration  might  occur  accidentally,  as  in 
the  cases  of  those  with  supernumerary  toes  and  fingers,  the  very 
fact  of  intermarriage  with  the  descendants  of  the  other  sons  of  Noah 
being  prevented  by  the  curse  pronounced  on  Haji,  (for  many  com- 
mentators read  Ham  for  Canaan,)  would  necessarily  lead  to  a  p»^ 
petuation  of  the  adventitious  modification. 

But,  it  has  been  asked,  if  all  mankind  have  descended  from  one 
family,  which  of  the  varieties,  now  extant,  must  be  regarded  as 
their  representative.  On  this  we  have  nothing  but  conjecture  to 
guide  us*  It  has  been  supposed,  by  some,  to  be  more  probable,  that 
the  changes,  induced  upon  mankind,  have  been  in  consequence  of  a 
progress  from  a  state  of  barbarism  to  one  of  refinement,  than  tb^ 
reverse;  and  hence,  it  has  been  conceived,  that  the  variety  ought  to 
be  considered  primary,  which,  through  all  the  vicissitudes  of  hu- 
man affairs,  has  remained  in  the  most  degraded  condition,  and  which 
in  its  structure,  diflfiprs  most  materially  from  the  variety  that  has 
uniformly  enjoyed  the  greatest  degree  of  civilization.  Upon  this 
principle,  the  Ethiopian  would  have  to  be  regarded  as  the  type  of 
our  first  ancestors,  and  such  is  the  opinion  of  Pritchard,  and  of  Bos- 
TOGK.  Blumenbach,  however,  maintains  the  converse  view.  Bishop 
HsBBR,  again,  suggests,  whether  the  hue  of  the  Hindoo,  which  is 
a  brownish-yellow,  may  not  have  been  that  of  our  first  parents, 
whence  the  transition,  he  thinks,  to  the  white  and  black  varieties 
might  be  more  easy  and  comprehensible.  Philology  occasionally 
aids  us  in  our  historical  deductions,  but  the  evidence,  afforded  by 
it,  has  to  be  received  with  caution.  The  Hebrew  names,  like  all 
original  appellations,  in  perhaps  all  languages,  are  generally  ex- 
pressive, and  therefore  worthy  of  consideration  in  questions  of  this 
nature.  The  Hebrew  word  Adam,  (o*ik,)  is  not  only  the  name  of 
the  first  man,  but  it  signified  man  in  the  abstract,  corresponding  to 
the  Greek,  «plf  «x«(^  and  the  Latin,  Homo.  We  are  told,  in  the 
sacred  volume,  that,  ^^  in  the  day  that  God  created  man,  in  the  like- 
ness of  God  made  he  him ;  male  and  female  created  he  them ;  and 
blessed  them,  and  called  their  name  Adam,  in  the  day  when  they 
were  created.'^  The  word  Adam  is  derived  from  a  Hebrew  root, 
(aiK,)  signifying  ^^  to  be  red,"  and,  accordingly,  it  is  probable,  that 
his  original  hue  was  not  that  of  what  we  term  the  tokUe  variety  o( 
our  species. 
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The  remarks  we  haTe  already  made  render  it  unnecessary  to  in** 
quire  into  the  mode  in  which,  according  to  the  notion  of  Blitmen- 
BAOB»  of  Dr.  S.  S.  Smith,  or  of  Dr.  Rush,  the  black  colour  of  the 
Ethiopian  has  been  produced.  BLUMBNBAeH  imagined  that  the 
heat  of  the  climate  giyes  rise  to  an  excessive  secretion  of  bile; 
that  in  consequence  of  the  connexion  which  exists  between  the  ac« 
tion  of  the  liver  and  the  skin,  an  accumulailion  of  carbonaceous  mat*- 
ter  takes  place  in  the  cutaneous  vessels,  and  that  this  process  being 
continued  for  a  succession  of  ages,  the  black  colour  of  the  skin  be- 
comes habitual.  Dr.  Smith,  of  Princeton,  had  a  similar  opinion; 
he  thought,  that  the  complexion  in  any  climate  will  be  changed  to- 
wards black,  in  proportion  to  the  degree  of  heat  in  the  atmosphere, 
and  to  the  quantity  of  bile  in  the  skin;  and,  lastly,  Dr.  Rush,  in  one 
of  the  strangest  of  the  many  strange  views  which  have  emanated  from 
that  distinguidied,  but  too  enthusiastic,  individual,  has  attempted 
to  prove,  ^  that  the  colour  and  figure  of  that  part  of  our  fellow 
creatures,  who  are  known  by  the  epithet  of  negroes,  are  derived 
from  a  modification  of  that  disease,  which  is  known  by  the  name  of 
leprosy.'' 

The  following  are  his  deductions^  from  the  ^^  facts  and  princi- 
ples'' adduced  in  a  communication,  read  before  the  American  Phi* 
hsqphical  Society  in  1792^  and  printed  in  the  fourth  volume  of  the 
Transactions  of  that  respectable  body:— 

^  1.  That  all  the  claims  of  superiority  of  the  whites  over  the 
blacks,  on  account  of  their  eolour,  are  founded  alike  in  ignorance 
and  inhumanity.  If  the  colour  of  the  negroes  be  the  effect  of  a  dis- 
ease, instead  of  inviting  us  to  tyrannize  over  them,  it  should  entitle 
them  to  a  double  portion  of  our  humanity,  for  disease  all  over  the 
world  has  always  been  the  signal  for  immediate  and  universal  com- 
passion. 

**  S.  The  facts  and  principles  which  have  been  delivered,  should 
teach  white  people  the  necessity  of  keeping  up  that  prejudice  against 
sueh  connexions  with  them,  as  would  tend  to  infect  posterity  with 
any  portion  of  their  disorder.  This  may  be  done  upon  the  ground 
I  have  mentioned  without  offering  violence  to  humanity,  or  calling 
in  question  the  sameness  of  descent,  or  natural  equality  of  man- 
kind. 

^  3.  Is  the  colour  of  the  negroes  a  disease  ?  Then  let  science  and 
humanity  combine  their  efforts,  and  endeavour  to  discover  a  remedy 
for  iU  Nature  has  lately  unfurled  a  banner  upon  this  subject  She 
has  begun  spontaneous  cures  of  this  disease  in  several  black  people 
in  this  country.  In  a  certain  Hbnrt  Moss,  who  lately  travelled 
through  this  city,  and  was  exhibited  as  a  show  for  money,  the  cure 
was  nearly  complete.  The  change  from  black  to  a  natural  white 
flesh  colour  began  about  five  years  ago  at  the  ends  of  his  fingers, 
and  has  extended  gradually  over  the  greatest  part  of  his  body.  The 
wool  which  formerly  perforated  the  cuticle  has  been  changed  into 
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hair.  No  change  in  the  diet,  drinks,  dress,  employments,  or  shu- 
tion  of  this  man  had  taken  place  previously  to  this  chiDgeiDlus 
skin.  But  this  fact  does  not  militate  against  artificial  attempts  to 
dislodge  the  colour  in  negroes,  any  more  than  the  spontaneous  cures 
of  many  other  diseases  militate  against  the  use  of  medicine  in  the 
practice  of  physic.  To  direct  our  experiments  upon  this  sol^I 
shall  throw  out  the  following  facts. 

^^  1.  In  HsiVRT  Moss  the  colour  was  first  discharged  from  tbe 
skin  in  those  places,  on  which  there  was  most  pressure  from  cloth- 
ing, and  most  attrition  from  labour,  as  on  the  trunk  of  his  body, 
and  on  his  fingers.  The  destruction  of  the  black  colour  wis  pro- 
bably occasioned  by  the  absorption  of  the  colouring  matter  of  the 
rete  mucosum,  or  perhaps  of  the  rete  mucosum  itself,  for  pressure 
and  friction  it  is  well  known  aid  the  absorbing  action  of  the  lym- 
phatics in  eyery  part  of  the  body.  It  is  from  the  latter  cause,  that 
the  palms  of  the  hands  of  negro  women  who  spend  their  lives  it  a 
washing  tub,  are  generally  as  fair  as  the  palms  of  the  hands  io 
labouring  white  people. 

"  2.  Depletion,  whether  by  bleeding,  purging,  or  abstinence,  has 
been  often  observed  to  lessen  the  black  colour  in  negroes.  The 
effects  of  the  above  remedies  in  curing  the  common  leprosy^  8^^ 
me  that  they  might  be  used  with  advantage  in  that  state  of  leprosy 
which  I  conceive  to  exist  in  the  skin  of  the  negroes. 

^^3.  A  similar  change  in  the  colour  of  the  neeroes,  though  of  a 
more  temporary  nature,  has  often  been  observed  in  them  from  the 
influence  of  fear. 

^4.  Dr.  Beddoes  tells  us  that  he  has  discharged  the  colour  io 
the  black  wool  of  a  negro  by  infusing  it  in  the  oxygenated  munitie 
acid,  and  lessened  it  by  the  same  means  in  the  hand  of  a  n^ 
man.  The  land-cloud  of  Africa,  called  by  the  Portuguese  Ferrinp, 
Mr.  Hawkihs  tells  us  has  a  peculiar  action  upon  the  negroes  iQ 
changing  the  black  colour  of  their  skins  to  a  dusky  gray.  Its  ac- 
tion is  accompanied,  he  says,  with  an  itching  and  prickling  seost- 
tion  upon  every  part  of  the  body  which  increases  with  the  lengui 
of  exposure  to  it  so  as  to  be  almost  intolerable.  It  is  probably  an 
of  the  carbonic  kind,  for  it  uniformly  extinguishes  fire. 

**5.  A  citizen  of  Philadelphia,  upon  whose  veracity  I  have  per- 
fect reliance,*  assured  me  that  he  had  once  seen  the  skin  of  one 
side  of  the  cheek  inclining  to  the  chin,  and  of  part  of  the  handin* 
negro  boy,  changed  to  a  white  colour  by  the  juice  of  unripe  peachc^j 
(of  which  he  ate  a  large  quantity  every  year,)  falling,  and  resting 
frequently  upon  those  parts  of  his  body. 

"  To  encourage  attempts  to  cure  this  disease  of  the  ^^^^^^ 
groes,  let  us  recollect  that  by  succeeding  in  them,  we  shall  prod^ 
a  large  portion  of  happiness  in  the  world.    We  shall  in  the  n^ 

*  ^llf.  TaoxAi  Habusov.*' 


VARIXTISa  OF  MAJIKIND.  479 

place  destroy  one  of  the  arguments  in  favour  of  enslaving  the  ne- 
groesy^for  their  colour  has  been  supposed  by  the  ignorant  to  mark 
them  as  objects  of  divine  judgments,  and  by  the  learned  to  qualify 
them  for  labour  in  hot,  and  unwholesome  climates. 

^^  Secondly,  We  shall  add  greatly  to  their  happiness,  for  however 
well  they  appear  to  be  satisfied  with  their  colour,  there  are  many 
proofs  of  their  preferring  that  of  the  white  people. 

^  Thirdly,  We  shall  render  the  belief  of  the  whole  human  race 
being  descended  from  one  pair,  easy,  and  universal,  and  thereby 
not  only  add  weight  to  the  Christian  revelation,  but  remove  a  ma- 
terial obstacle  to  the  exercise  of  that  universal  benevolence  which 
is  inculcated  by  if 
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The  knowledge  of  the  mode  in  which  the  various  faactioDS 
of  the  body  are  exercised  constitutes  the  science  of  Kfe.  The 
manifestations  of  life  have  consequently  been  considered  aiready. 
We  have  seen,  that  animal  and  vegetable  substances,  possess 
the  ordinary  properties  of  matter,  but  that  these  properties  are 
singularly  controlled,  so  that  organized  bodies,  are  prevented  from 
undergoing  those  changes  that  inevitably  occur  so  soon  as  they 
become  deprived  of  vitality.  The  human  body  is  prone  to  de- 
composition. It  is  composed  of  substances  extremely  liable  to  un- 
dergo putrefaction,  and  is  kept  at  a  temperature  the  most  fa- 
vourable for  such  change;  yet  so  long  as  life  exists,  the  play  of  the 
ordinary  affinities  is  prevented,  and  this  constant  resistance  to  the 
general  forces  of  matter  prevails  throughout  the  whole  of  existence, 
even  to  an  advanced  old  age,  when  it  might  be  supposed  the  vital 
forces  must  be  enfeebled  almost  to  annihilation.  The  ease  of 
solution  of  the  stomach  after  death,  described  in  the  first  volume 
of  this  work,  is  an  additional  and  forcible  evidence  of  8uc\k  re- 
sistance. So  long  as  life  continues  in  the  stomach,  the  gastric 
secretions  exert  no  action  on  the  omin,  but,  when  life  becomes 
extinct,  the  same  secretions  act  upon  the  stomach  in  the  same  man- 
ner that  they  do  upon  ordinary  dead  animal  matter.  What,  then, 
is  this  mysterious  power,  possessed  of  such  astonishing,  such  incom- 
prehensible properties? 

Our  knowledge  is  limited  to  the  fact  above  stated,  that  or- 

Snized  matter,  in  addition  to  the  general  physical  and  chemicsl 
*ces,  possesses  one  other, — ^the  vital  force  or  principky  vitaUlj/ 
or  l\fe.  This  principle  exists,  not  only  in  the  whole,  but  in  every 
part,  of  a  living  body;  and  its  existence  is  evidenced  by  the  une- 
quivocal signs  a£forded  by  the  various  functions  that  have  beea 
considered,  as  well  as  by  others  to  be  presently  described.  Yet 
it  is  not  equally  evinced  in  all  organs:  some  appearing  to  be  pos- 
sessed of  more  vitality  than  others, — a  result  probably  produced  by 
peculiar  texture,  as  it  would  seem  irrational  for  us  to  admit  m  dif- 
ferent kind  of  vital  principle,  wherever  its  manifestations  appear  to 
be  modified. 

Admitting  the  existence  of  this  controlling  principle,  what,  it 
may  be  asked,  are  the  functions  through  which  it  immediately  acts 
in  keeping  up  the  play  of  the  living  machine?  It  has  been  elsewhere 
seen,  that,  in  animals,  the  reciprocal  action  of  innervation  and  cir- 
culation are  indispensable,  and  that  if  one  of  these  functions  be  ar- 
rested, the  other  quickly  ceases.  This  is  only  applicable,  however, 
to  animals;  and  it  has  been  doubted  whether  it  applies  to  all  and  to 
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every  part  of  them^  whilst  to  the  vegetable  it  is  altogether  inappli- 
cable, unless  we  regard  it,  with  some  physiologists,  to  possess 
a  rudimental  nervous  system.  The  function  of  sensibility  exhibits 
to  us  the  mode  in  which  the  nervous  system  acts  in  connecting  man 
with  the  objects  around  him,  through  the  agency  of  volition;,  but  a 
multitude  of  other  acts  take  place  within  him,  altogether  unin- 
fluenced by  volition,  and  yet  indispensable  for  the  maintenance  of 
existence.  These  last  acts  are  equally  met  with  in  the  animal  and 
vegetable;  and  hence  a  division  has  been  made,  by  Bichat,  into 
animal  life^  and  organic  /i/e;— the  former  evidenced  by  those 
functions  that  are  peculiar  to  animals — sensibility  and  voluntary 
motion — which  require  the  presence  of  a  great  nervous  centre,  that 
may  receive  from,  and  transmit  to,  the  different  parts  of  the  body, 
the  nervous  irradiation, — the  necessary  excitant  of  the  different 
functions :— the  latter  evidenced  by  those  functions  that  are  com- 
mon to  animals  and  vegetables,  and  are  inservient  to  the  nutrition 
of  the  frame,  as  digestion,  absorption,  respiration,  circulation,  &&, 
all  of  which  go  on  without  any  direct  exercise  of  volition;  and  oc- 
casionally, it  has  been  believed,  independently  of  all  nervous  influ- 
ence. 

Physiologists  may,  indeed,  on  this  point,  be  divided  into  two 
classes: — they  who  consider  that  the  whole  of  the  organic  func- 
tions are  under  the  government  of  the  nervous  influence;  and  they 
who  think  that  the  nervous  influence  does  not  extend  to  all  the  or- 
ganic functions,  but  only  to  the  principal  of  them. 

The  supporters  of  the  first  opinion  believe,  that  the  agents,  or 
conductors  of  the  nervous  influence,  are  less  and  less  dependent 
upon  the  nervous  centres,  when  such  exist,  the  lower  the  animal  is 
situated  in  the  animal  kingdom,  and  the  lower  the  function;  but 
they  consider  the  nervous  influence  to  be  indispensable  to  every 
living  being,  and  to  every  part  of  such  being.  In  support  of  this 
opinion,  they  are  of  course  compelled  to  believe,  either  that  a  ner- 
vous system  exists  in  the  vegetable.  Or  that  there  is  a  system 
which  appears  to  exert  over  every  part  of  it  an  influence  necessary 
for  its  life,  and  which  is,  consequently,  analogous  to  the  nervous 
system  of  animals.  The  organ  of  this  influence  is,  by  some  bota- 
nists, considered  to  be  the  medulla  or  pith;  whence  medullary 
appendages  set  out,  to  be  distributed  to  every  part  of  the  vegeta- 
ble, and  which  are  particularly  abundant,  in  such  parts  as  are 
charged  with  very  active  functions, — as  the  flower.  Brachet 
maintains  this  idea,  and  compares  the  knots  of  the  pith  to  the  gan- 
glions of  the  nervous  system,— destruction  of  the  pith,  and  especially 
of  these  knots,  occasioning  the  death  of  the  parts,  that  receive  their 
filaments  from  them.  Dutrochet,  again,  considers,  that  nervous 
corpuscles  exist  in  the  pith  of  vegetables,  which  constitute  the  ru- 
diments of  a  nervous  system ;  only,  in  the  vegetable,  this  system  is 
diffused,  instead  of  being  collected  in  a  mass. 

The  believers  in.the  earlier  formation  of  the  nervous  system  in  the 
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fostus  will  necessarily  be  in  favour  of  thb  first  opinion,  and  it  woqU, 
of  course,  be  strengthened  if  the  results  of  the  experiments  of  Jhh 
MAS  on  generation  should  be  found  correct,  and  if  the  spermatic 
animalcules,  which,  according  to  him,  are  the  agents  of  fecundation, 
should  be  discovered  to  be  the  rudiments  of  the  nervous  sjrstem  of 
the  new  individual,  a  circumstance,  which,  however,  is  as  doubtful 
as  the  confirmation  is  difficult 

The  supporters  of  the  second  opinion,  that  the  nervous  influence 
does  not  extend  to  all  the  organic  functions,  assert,  that  it  is  chiefly  ex- 
erted on  those  functions  which  are  of  the  highest  moment, — the  most 
elevated  in  animality;  that  it  is  less  and  less  in  the  inferior  func- 
tions, and  ultimately  ceases  in  the  lowest  acts, — ^those  that  imme- 
diately accomplish  nutrition  and  reproduction ;  and  the  arguments 
they  adduce  in  favour  of  their  views  are,  that  these  lowest  acts  exist 
in  every  living  being — vegetable  as  well  as  animal;  and  thatintiie 
superior  animal,  and  in  man,  there  are  many  parts  which  do  not  ap- 
pear to  contain  nerves.  They  moreover  consider  the  nervous  sys- 
tem as  one  superadded  to  living  beings,  not  only  for  life,  nutrition 
and  reproduction,  but  also,  where  necessary,  for  sensation,  motion, 
&c.,  and  hence  the  prolongations  or  extensions  of  this  system  ousht 
to  be  sent  to  the  organs  of  the  internal  or  nutritive  functions,  ror 
the  purpose  of  connecting  them  with  the  organs  of  the  external  or 
sensorial  functions;  and  that  it  is  in  these  connexions  only  tbad  in- 
ner\'ation  consists.  In  this  view,  consequently,  the  nervous  influ- 
ence arises  only  from  the  necessity  of  connecting  the  organs;  is 
but  an  indirect  condition  of  life ;  exists  in  the  upper  animals  only, 
and  can  in  no  way  be  invoked  to  account  for  vegetable  life. 

The  last  is,  in  our  view,  the  most  accurate  opinion.  We  cannot 
in  the  present  state  of  knowledge,  admit  the  existence  of  nerves  in 
the  vegetable:  certainly  no  such  thing  as  a  nervous  centre  is  disco- 
verable, and  yet  we  find  the  most  complicated  acts  of  nutrition  and 
reproduction  exercised  by  it,  and  the  principle  of  instinct,  we  shall 
find,  as  strikingly  evidenced  as  in  many  animals.  We  are,  there- 
fore, irresistibly  led  to  the  conclusion,  that  the  manifestations  of 
vitality  are  butMittle,  if  at  all,  connected  with  nervous  influence, 
and  that  the  nerves  are  added,  in  the  upper  animals  and  functions,  for 
other  purposes  than  that  of  directly  communicating  vital  properties 
to  the  part  This  deduction  will  be  found  confirmed  by  the  nets  to 
be  hereafter  mentioned,  connected  with  the  independence  of  the 
vital  property  of  irritability  of  the  nervous  influence. 

We  have  elsewhere  alluded  to  the  similarity  between  the  ner- 
vous and  galvanic  fluids,  and  to  the  notion  which  has  even  prevailed 
of  the  similarity  if  not  identity  between  the  vital  principle  and  elec- 
tricity, as  well  as  to  the  strange  views  of  endosmose  and  exosmose, 
recently  promulgated  by  Dittrochet,  and  which  have  been  sohi^ 
pily  commented  on  by  Dr.  J.  K.  Mitchell.  The  mode,  in  which 
DuTRocHET  assimilates  the  phenomena  of  animal  and  v^^etable  life 
to  the  actions  of  endosmose  and  exosmose,  is  as  follows.  It  is  known 
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that  the  sap  in  yegetables  ascends  from  the  roots  to  the  stalk;  firsts  by 
the  action  of  the  spongioles  or  terminal  buds  of  the  roots,  which 
are  evidently  organs  for  the  absorption  and  impulsion  of  the  sap;  and 
secondly^  by  the  action  of  the  leaves,  which,  by  exciting  an  action 
of  transpiration  and  evaporation  at  the  top  of  the  plant, — the  greater 
in  proportion  to  the  warmth  and  dryness  of  the  air,— ^xert  a  kind  of 
aspiration  on  the  sap  received  by  the  spongioles.  These  spongioles 
DuTROCHET  considers  to  be  cellular  organs  containing  organic 
fluids  in  their  interior,  and,  consequently,  they  cannot  be  plunged 
into  water,  without  the  fluid  penetrating  by  endosmose,  not  only 
into  their  interior,  but  even  as  far  as  the  top  of  the  stalk.  Hence, 
according  to  Dutrochet,  endosmose  constitutes  the  action  of  ab- 
sorption by  the  spongioles,  and  \i  the  cause  of  the  circulation  of  the 
sap.  It  presides,  also,  over  the  development  and  nutrition,  the 
movements  of  composition  and  decomposition,  of  plants;  for,  as  it 
consists  of  two  opposite  electric  currents,  it  not  only  conveys  fresh 
substances  incessantly  into  the  interior  of  the  structures,  and  re- 
moves a  part  of  those  existing  there,  but  also  induces  constant  chy- 
mieal  modifications  in  the  organic  elements  of  parts;-— every 
electrical  action  modifying  the  chymical  nature  of  matter,  as  every 
chymical  action  induces  a  development  of  electricity.  It  is  also  the 
agent  of  the  secretions.  The  exhalation  of  vegetables  is,  according 
to  him,  no  more  a  simple  physical  evaporation  than  their  absorption 
is  the  efiect  of  capillarity.  It  also  is  a  phenomenon  of  endosmose. 
He  does  not  doubt,  that  capillarity,  gravity,  agitation  by  the  winds, 
&e.  exert  an  influence  on  the  functions  of  vegetables,  but  he  con- 
siders such  influence  to  be  accidental,  and  the  true  vital  motor  to 
be  the  electrical  agent.  He  regards  the  medulla  or  pith  of  vegeta- 
bles to  be  to  their  organization,  what  the  nervous  system  is  to  the 
organization  of  animals,  and  to  be  intended  to  dispense  everywhere 
the  vital  activity,  or  electricity. 

As  the  conditions  of  endosmose, — namely,  a  vesicular  structure 
and  the  presence  of  organic  fluids  denser  than  water  in  the  vesicles, 
—exist  in  animals  as  well  as  in  vegetables,  Dutroohbt  invokes  a 
similar  influence  in  the  case  of  the  former  as  in  that  of  the  latter. 
In  the  same  manner,  as  it  occasions  the  progression  of  the  sap  in 
vegetables,  it  presides  over  the  capillary  circulation  in  animals,  and 
especially  over  the  progression  of  the  blood  in  the  veins,  as  well  as 
over  absorption,  secretion,  nutrition,  &c  All  these  actions,  bow- 
ever,  take  place  by  filtration  through  permeable,  organic  mem- 
branes,— all  that  has  been  said  of  the  agency  of  the  venous  radicles 
in  absorption,  and  of  the  arterial  radicles  in  exhalation  and  nutri- 
tion, being,  according  to  Dutrochst,  physiological  mythu  The 
sanguineous  system  constitutes  a  cavity  devoid  of  outlet,  and  it  is 
by  filtration  through  the  parietes  of  the  vessels,  which  constitute  it, 
that  it  receives,  aiMi  parts  with,  its  elements.  In  short,  endosmose 
is  the  essence  of  the  life  of  animals,  and  as  it  is  an  electrical  phe- 
nomenooi  electrioity,  DiranooHST  concludes,  is  the  motor  of  the 
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life  of  aninulsy  as  it  is  of  that  of  vegetables.  He,  moreoyer,  extends 

his  theory  to  pathology,  asserting,  that  as  endosmose  is  the  vital  aet 
par  excellence  and  as  it  is  a  phenomenon  of  electricity,  we  may 
conceive  that  diseases  may  consist  in  some  defect  in  endosmose  or 
electricity,  and  that  our  therapeutical  agents  should  be  directed  to 
the  modification  of  such  endosmose.  inflammation,  for  example, 
is,  according  to  him,  hyperendosmose. 

It  is  obvious,  that  the  foundations  of  a  theory,  so  extensive  in  its 
ramifications,  ought  to  be  tested  by  accurate,  and  repeated  investi- 
gation, and  that  no  deductions  can  be  considered  established,  until 
this  has  been  accomplished,  and  the  base  found  to  be  impregnable. 
This  has  not  been  done.  On  the  contrary,  many  of  the  positions 
have  been  seriously  assailed  by  Poisson  and  Mitchell,  and  even 
Dutrochxt's  own  faith  seems  to  have  been  shaken  in  his  electrical 
theory. 

The  system  of  Bachou^  dx  Vialer  on  innervation  appears  to 
rest  on  still  less  foundation.  This,  according  to  Adelon,  is  merely 
an  application  of  the  electro-chymical  law  of  Becquxrel,  that, 
when  two  substances,  made  to  communicate  with  each  other  by  a 
conducting  wire,  simultaneously  exert  a  chymical  action  with  a 
third,  a  galvanic  current  is  developed,  which  is  always  directed 
from  the  substance  in  which  this  action  is  strongest,  towards  that  in 
which  it  is  least.  Now,  says  M.  Bachou6,  as  the  electric  ftuid  is 
always  evidenced  during  chymical  action,  and  as  in  every  organ,  a 
rimultaneous  chymical  action  is  constantly  exerted  by  the  trans- 
formation of  arterial  into  venous  blood;  whilst  by  means  of  con- 
ductors,— the  nerves,— the  nervous  centres  communicate  with  every 
part  of  the  organism, — in  each  nervous  cord,  a  constant  galvanic 
current  must  be  established,  proceeding  from  its  central  to  its  peri- 
pheral extremity,  or  vice  versa,  according  as  the  chymical  action, 
whence  this  current  emanates,  predominates  at  the  one  or  other 
extremity.  This  current,  according  to  M.  Bachou6,  determines 
the  play  of  each  organ;  and  he  explains,  as  follows,  the  mode  in 
which  it  eflects  the  diflerent  functions.  First  The  circulation  be- 
ing continuous  in  animals,  an  agent,  which  is  developed  in  a  con- 
tinuous manner  in  their  interior,  must  be  looked  for,  as  the  cause 
of  this  function.  This  agent  is  the  electric  fluid,  disengaged  by  the 
chymical  action  exerted  simultaneously  by  the  blood  on  the  ner- 
vous centres,  and  on  the  organic  tissues  at  the  periphery;  but  as  this 
action  predominates  in  the  centres,  the  galvanic  current  resulting 
from  it  is  established  from  these  centres  towards  the  circulatory 
organs,  and  consequently  the  .action  of  the  latter  is  excited.  To 
determine  the  current  in  this  direction,  nature  occasions  the  af- 
flux of  blood  to  the  ganglions  of  the  great  sympathetic  to  predo- 
minate,---these  ganglions  being,  in  his  view,  the  nervous  centres, 
that  preside  over  the  circulation.  A  greater  chymical  action  is  thus 
induced  in  the  ganglions,  and  of  course  a  more  marked  centrifu- 
gal galvanic  current  This  arrangement  has  likewise  the  adyantage 
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of  diminishing  the  conducting  power  of  the  nerves^  in  accordance 
with  the  principle  in  physics,  that  the  power  of  any  body  as  a  con- 
ductor of  electricity  is  less  in  proportion  as  such  body  exerts  a  more 
powerful  electro-motive  action,  whence  it  results,  that  the  circula- 
tion is  freed  as  much  as  possible  from  the  perturbations  that  might 
otherwise  be  caused  in  it  by  the  currents  incessantly  traversing  the 
other  parts  of  the  nervous  system, — the  cerebral  and  spinal  nerves, — 
with  which  those  of  the  great  sympathetic  communicate.  So  that 
the  action  of  the  circulatory  organs  is  constantly  provoked  by  the 
centrifugal  galvanic  current,  resulting  from  the  chymical  action  ex- 
erted by  the  blood  simultaneously  in  the  nervous  centres,  and  in 
the  organs  at  the  periphery  of  the  body;  whilst  the  uninterrupted 
arrival  of  the  blood  in  the  organs  constantly  excites  in  them  also 
the  chymical  action  necessary  for  the  development  of  the  electricity, 
on  which  the  continuity  of  the  circulation  is  dependent  Secondly. 
M.  Bachou6  accounts,  in  the  same  way,  for  the  mechanism  of  the 
sensorial /unctions.  The  contact  between  external  agents  and  the 
sensitive,  nervous  extremities,  renders  the  ehymical  action  constant- 
ly produced  by  the  contact  of  arterial  blood  there  predominant ; 
hence  the  production  of  a  galvanic  current  passing  from  the  circum- 
ference to  the  centre.  This  current  excites  the  action  of  the  brain 
to  accomplish  sensation ;  and  the  brain,  excited  by  the  process,  be- 
comes the  seat  of  a  more  marked  chymical  action,  which  irradiates 
another,  and  a  centrifugal,  galvanic '  current  to  the  muscles,  that 
have  to  execute  the  movements. 

According  to  Bachou^'s  theory,  therefore,  all  the  phenomena  of 
life  are  derived  from  a  chymical  action  which  gives  rise  to  the  de- 
velopment of  electricity.  He  likewise  extends  his  system  to  pa- 
thology. If  the  chymical  action  be  comprised  within  due  propor- 
tions, all  the  phenomena  of  life  are  performed  in  health;  if,  on  the 
contrary,  the  proportions  are  inappropriate,  disease  results,  which  is 
always  dependent  on  preternatural  chymical  actions  giving  rise  to 
irregular  galvanic  currents. 

The  remarks,  made  regarding  the  views  of  Dutrochet,  are 
equally  applicable  to  those  of  Bachou^.  The  very  foundation,  in- 
deed, has  been  assailed  by  the  experiments  of  M.  Pouillet,  at 
the  Hopital  Saint  Louis,  of  Paris,  which  contradict  the  existence  of 
these  centrifugal  or  centripetal  galvanic  currents,  developed  in  the 
organs  during  the  production  of  the  vital  phenomena. 

In  the  introductory  remarks  to  the  fin(t  volume  of  this  work,  the 
characters,  which  distinguish  organized  from  inorganic  bodies,  were 
pointed  out  All  the  characters  of  the  former  result  from  the  in- 
fluence of  the  vital  principle,  which  produces  the  body  of  a  definite 
magnitude,  shape,  structure,  composition  and  duration.  There  is, 
moreover,  a  power,  possessed  by  bodies  endowed  with  the  living 
principle,  of  being  acted  upon  by  certain  stimuli,  and  thrown  into 
movement  without  the  participation  of  the  will.  This  has,  indeed,  by 
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soine  i^ysiologistSy  been  considered  to  be  the  sole  vital  propertj^— 
with  what  truth  we  shall  see  hereafter.  An  inquiry  into  its  maio- 
festations  will  aid  us  materially  in  determining  wh^er  or  not  the 
yital  principle  is  effected  directly  through  the  medium  of  the 
nenresi  and  will  tend  to  confirm  an  opinion,  which  we  have  already 
expressed  on  this  subject. 

Wior  to  the  time  of  Hallbr  the  nervous  system  was  looked  to 
as  the  great  source  of  power  in  the  body;  and  the  contractile  power 
of  the  muscles, — described  at  length  under  the  head  of  kuscxtlam 
MOTION, — was  considered  to  be  wholly  derived  from  the  nerves, 
which  were  supposed  to  transmit  the  power  to  the  muscultr  fibre 
as  it  was  called  for, — accurately  regulating  the  quantity  auppViod. 

Hallbr  contended  for  a  vis  tW»7a,  a  power  of  irritability  or 
contractility y  essentially  residing  in  the  muscles  themselves,  inde- 
pendently of  any  condition  of  the  nervous  system,  and  called  into 
action  by  stimuli,  of  which,  in  the  case  of  the  voluntary  muscles,  the 
nervous  influence  is  one,  contributing,  however,  like  aU  other  stimu- 
li, to  exhaust  it,  instead  of  furnishing  any  fresh  supply.  We  have  else- 
where shown  that  a  muscle  is  capable  of  being  thrown  into  con- 
traction after  a  limb  has  been  removed  from  the  body,  and  for  a 
considerable  period  after  the  cessation  of  respiration,  circulatioo, 
and  consequently  of  innervation,  provided  the  appropriate  stimuli 
be  applied,  so  as  to  excite  the  vis  insita  which  remains  attached  to 
the  muscle  for  some  time  after  dissolution;  and  if  all  the  nerves, 
supplying  the  limbs  of  a  frog,  be  divided,  and  cut  out  close  to  the 
place  where  they  enter  the  muscles,  the  muscles  will  still  retain  thdr 
contractility  in  as  great  a  degree  as  when  the  nerves  were  entire. 

They  who  believe  that  the  contractility  of  muscles  is  wholly 
derived  from  the  nervous  system,  maintain,  however,  that,  in 
such  case,  the  stimulus  may  still  act,  through  the  medium  of  the 
portions  of  nerves  that  must  always  remain  attached  to  the  muscle, 
however  carefully  attempts  may  have  been  made  to  remove  them; 
and  some  have  supposed  that  these  nervous  fibres  may  even  con- 
stitute an  essential  part  of  the  muscular  fibre.  The  most  satisfac- 
tory reply,  that  has  been  made  to  this  argument,  is  the  following 
experiment  of  Dr.  Wilson  Philip.  All  Sie  nerves,  supplyingone 
of  the  hind  legs  of  a  frog,  were  divided,  so  that  it  became  com- 
pletely paralytic.  The  skin  was  removed  from  the  muscles  of  the 
leg,  and  salt  sprinkled  upon  them,  which,  being  renewed  from  time 
to  time,  excited  contractions  in  them  for  twelve  minutes:  at  the 
end  of  this  time  they  were  found  no  longer  capable  of  being  ex- 
cited. The  corresponding  muscles  of  the  other  limb,  in  which  the 
nerves  were  entire,  and  of  which,  consequently,  the  animal  had  a 
perfect  command,  were  then  laid  hare,  and  the  salt  applied  to  them 
in  the  same  way.  In  ten  minutes  they  ceased  to  contract,  and  the 
animal  had  lost  the  command  of  them.  The  nerves  of  this  limb 
were  now  divided,  as  those  of  the  other  had  been,  but  the  excita- 
bility of  the  muscles  to  which  the  salt  bad  been  applied  was  gone. 
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Its  application  exdted  no  contraction  in  them.  After  the  experi- 
menty  the  muscles  of  the  thighs  in  both  limbs  were  found  to  con- 
tract forcibly  on  the  application  of  salt.  It  excited  equally  strong 
contraction  on  both  sides.  In  this  experimenty  the  excitability  of 
the  muscles,  whose  nerves  were  entire,  was  soonest  exhausted ;  and 
hence  Dr.  Philip  properly  concludes,  that  the  nervous  influence^ 
far  from  bestowing  excitability  on  the  muscles,  exhausts  it  like 
other  stimuli ;  and  that  the  excitability  or  irritability  is  a  property 
of  the  muscle  itself. 

It  seems,  therefore,  that  this  essential  characteristic  of  living 
bodies  is  a  distinct  vital  property,  not  coufined,  as  Haller  sup- 
posed, to  the  muscular  structure,  but  existiug  over  the  whole 
body.  In  favour  of  its  not  being  dependent  upon  the  nerves, 
we  have  the  fact  of  its  presence  in  the  vegetable  as  well  as  in  the 
animal.  Many  plants  exhibit  the  power  in  a  remarkable  manner. 
The  barberry  bush  is  one  of  these.  In  this  flower,  the  six  stamens, 
spreading  moderately,  are  sheltered  under  the  concave  tips  of  the 
petals,  till  some  extraneous  body,  as  the  feet  or  trunk  of  an  insect 
in  search  of  honey,  touches  the  inner  part  of  each  filament  near  the 
bottom.  The  irritability  of  that  part  is  such,  that  the  filament  im- 
mediately contracts  there,  and  consequently  strikes  its  anther,  full 
of  pollen,  against  the  stigma.  Any  other  part  of  the  filament  may 
be  touched  without  this  eflTect,  provided  no  concussion  be  given  to 
the  whole.  After  a  while,  the  filament  retires  gradually,  and  may 
be  again  stimulated;  and  when  each  petal,  with  its  annexed  fila* 
mept,  is  fallen  to  the  ground,  the  latter,  on  being  touched,  shows  as 
much  irritability  as  ever. 

In  another  plant, — ^the  Cistus  helianthemumy  dwarf  cisttis  or 
kaser  sunflower^ — the  filaments,  when  touched,  execute  a  motion, 
the  reverse  of  that  of  the  barberry.  They  retire  from  the  style  and 
lie  down,  in  a  spreading  form,  upon  the  petals. 

Owing  to  the  possession  of  this  property,  the  Apocynum  an» 
iirosmmi/oliwn  or  dogs^bane  is  extremely  destructive  to  insect  life. 
Attracted  by  the  honey  on  the  nectary  of  the  expanded  blossom^ 
the  instant  the  trunk  of  the  fly  is  protruded  to  feed  on  it,  the  fila- 
ments close,  and,  catching  the  fly  by  the  extremity  of  its  proboscis, 
they  detain  the  insect  until  its  struggles  end  in  death,  occasioned 
apparently  by  exhaustion  alone.  The  filaments  then  relax^  and  the 
body  falls  to  the  ground. 

These  are  only  evidences,  however,  of  particular  parts  possessing 
unusual  degrees  of  irritability.  The  property  exists  in  every  part 
of  the  plant^  and,  as  in  the  animal,  is  the  essential  characteristic  of 
the  principle  of  life. 

Irritability  or  contractility  forms  a  medium  of  communication 
between  the  various  parts  of  the  living  machine,  and  is  excited 
to  action  by  extraneous  influences.  All  its  movements,  how- 
ever, appear  to  be  dependent  upon  the  action  of  appropriate  stimuli, 
and  are,  consequently,  passively  exercised. 


468  uvx. 

There  ii  a  power  which  has  been  conceired  to  be  nearly  allied 
to  irritability^  and  if  highly  characteristic  of  organized  bodies^— 
regetable  as  well  as  aaimaly — whose  movements  or  impulsions  are 
active^  and  most  varied.  To  this  power,  the  term  instinct  has  been 
appropriated  by  Vikey,  Fleming,  Good,  and  others.  It  is  an  ex- 
tension of  the  ordinary  acceptation  of  the  term,  but  it  enables  us  to 
understand  the  phenomena  better  than  where  we  restrict  it  to 
those  manifestations  of  man,  or  animals,  that  bear  the  semblance 
of  reason.  It  is  this  power,  which,  according  to  those  gentlemen, 
regulates  the  movements,  that  are  requisite  to  obtain  a  supply 
of  food,  to  remove  or  counteract  opposing  obstacles,  and  to  fly 
from  impending  danger,  or  to  repair  injuries  which  may  be  occa* 

sioned. 

"  In  every  organized  system,*'  says  Dr.  Good,  "  whether  animal 
or  vegetable,  and  in  every  part  of  such  system,  whether  solid  or 
fluid,  we  trace  an  evident  proof  of  that  controlling,  and  identifying 
power,  which  physiologists  have  denominated,  and  with  much  pro* 
priety,  the  principle  of  life.  Of  its  cause  and  nature  we  know 
no  more  than  we  do  of  the  cause  and  nature  of  gravitation,  or  mag- 
netism. It  is  neither  essential  mind  nor  essential  matter;  it  is  nei- 
ther passion  nor  sensation;  but  though  unquestionably  distinct  from 
all  these,  is  capable  of  combining  with  any  of  them;  it  is  posseted 
of  its  own  book  of  laws,  to  which,  under  the  same  circumstances^ 
it  adheres  without  the  smallest  deviation;  and  its  sole  and  uniform 
aim,  whether  acting  generally  or  locally,  is  that  of  health,  preser- 
vation, or  reproduction.  The  agency,  by  which  it  operates,  is  that 
which  we  denominate  or  should  denominate  instinct,  and  the  ac- 
tions, by  which  its  sole  and  uniform  aim  is  accomplished,  are  what 
we  mean  or  should  mean  by  instinctive  actions;  or,  to  speak 
somewhat  more  precisely,  instinct  is  the  operation  of  the  living 
principle,  whenever  manifestly  directing  its  operations  to  the  health, 
preservation,  or  reproduction  of  a  living  frame,  or  any  part  of  such 
frame.  The  law  of  instinct,  then,  is  the  law  of  the  living  principle; 
instinctive  actions  are  the  actions  of  the  living  principle;  and  either 
is  that  power,  which  characteristically  distinguishes  organized  from 
unorganized  matter,  and  pervades  and  regulates  the  former,  uniformly 
operating  by  definite  means  in  definite  circumstances,  to  the  general 
welfare  of  the  individual  system  or  of  its  separate  organs,  advancing 
them  to  perfection,  preserving  them  in  it,  or  laying  a  foundation 
for  their  reproduction,  as  the  nature  of  the  case  may  require.  It 
applies  equally  to  plants  and  to  animals,  and  to  every  part  of  the 
plant,  as  well  as  to  every  part  of  the  animal,  so  long  as  such  part 
continues  alive.  It  is  this,  which  maintains,  from  age  to  age,  with 
so  much  nicety  and  precision,  the  distinctive  characters  of  different 
kinds  and  species,  which  carries  off  the  waste  or  worn  out  matter, 
supplies  it  with  new,  and  in  a  thousand  instances,  suggests  the  mode 
of  cure,  or  even  effects  the  cure  itself,  in  ^ses  of  injury  or  disease. 
It  is  ^  the  divinity  that  stirs  within  us'  of  Stahl,  the  vis  medico^ 
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trix  natursB  of  Hoffmann  and  Cullsn  and  the  physicians  of  our 
own  day,  &c,  &c.^^ 

Of  the  existence  of  this  instinctive  principle,  we  shall  adduce  a 
few  examples  from  both  the,  vegetable  and  the  animal  kingdom. 
When  the  seed  of  a  plant  is  deposited  in  the  ground,  under  circum- 
stances favourable  for  its  development,  it  expands,  and  the  root  and 
stem  are  evolved.  The  root  descends  into  the  ground,  manifestly 
not  from  the  laws  of  gravitation,  but  owing  to  some  inherent  force, 
inasmuch  as  it  penetrates  the  earth  which  is  of  much  greater  spe- 
cific gravity  than  itself.  The  stem,  too,  bursts  through  the  earth, 
and  rises  into  the  atmosphere,  notwithstanding  that  the  air  is  of 
much  less  specific  gravity,  until,  having  attained  the  height  to 
which  the  action  of  the  vital  principle  limits  it,  its  upward  develop- 
ment ceases.  It  rarely  happens,  however,  that  the  root  is  capable 
of  procuring  nourishment  sufficient  for  its  future  development  in 
immediate  contact  with  it.  It,  therefore,  se.nds  out  numerous  fila- 
mentous radicles  in  all  directions  to  search  after  food,  and  to  convey 
it  to  the  proper  organs.  The  number  and  direction  of  these  filaments, 
and  the  distance  to  which  they  extend,  are  regulated  by  the  neces- 
sities of  the  plant  and  the  supply  of  the  soil.  A  strawberry  ofiset, 
planted  in  sand,  will  send  out  almost  all  of  its  runners  in  the  direc- 
tion in  which  the  proper  soil  lies  nearest,  and  few,  and  sometimes 
none,  in  the  direction  in  which  it  lies  most  remote. 

When  a  tree,  which  requires  much  moisture,  has  sprung  up, 
or  been  planted  in  a  dry  soil,  in  the  vicinity  of  water,  it  has  been 
observed,  that  a  much  larger  portion  of  its  roots  has  been  directed 
towards  the  water,  and  that,  when  a  tree  of  a  difierent  species, 
and  which  requires  a  dry  soil,  has  been  placed  in  a  similar  situa- 
tion, it  has  appeared,  in  the  direction  given  to  its  roots,  to  have 
avoided  the  water,  and  moist  soil.  When  a  tree,  too,  happens  to 
grow  from  seed  on  a  wall,  it  has  been  seen,  on  arriving  at  a  cer- 
tain size,  to  stop  for  a  while,  and  to  send  down  a  root  to  the  ground. 
As  soon  as  this  root  has  been  established  in  the  soil,  the  tree  has 
continued  increasing  to  a  large  magnitude.  The  fact  has  been  often 
noticed  with  respect  to  the  ash, — a  tree,  which,  in  consequence  of 
the  profusion  of  its  secjd,  is  found  more  often  scattered  in  wild  and 
singular  places,  than  any  other  not  propagated  by  the  agency  of 
birds,  or  conveyed  by  the  winds. 

We  find,  in  all  cases,  that  if  the  roots  of  a  plant,  spreading  in 
search  of  nourishment,  meet  with  interruption  in  their  course,  they, 
do  not  arrest  their  progress,  but  either  attempt  to  penetrate  the  op- 
posing body,  or  to  avoid  it  by  altering  their  direction.  Dr.  Flbm- 
INO  states,  that  he  has  repeatedly  seen  the  creeping  root  of  the 
Triticum  repena  or  couch  grass^  piercing  a  potato,  which  had  ob- 
structed its  course.  It  is  well  known,  too,  that  roots  will  pass  under 
ft  stone  wall  or  a  ditch,  and  rise  up  on  the  opposite  side. 

The  nearest  approximation  to  these  mani&stations  of  instinct^  in 
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the  aoimal,  occur  io  the  formation  of  the  new  beings  and  in  the  first 
actions  that  take  place  after  birth.  From  the  moment  of  the  admix- 
tore  of  the  substances  furnished  by  the  parents  at  a  fecundating  co- 
pulation,  there  must  be  a  principle  existing  in  the  embryo^  which 
directs  the  eonstruction  and  arrangement  oi  its  organs  after  a  defi- 
nite manner,  and  always  according  to  that  peculiar  to  the  species. 
In  the  egg  this  Is  seen,  as  we  have  elsewhere  described,  in  the  most 
distinct  manner.  The  germ  of  the  chick  is  surrounded,  in  the  egg, 
by  the  nourishment  requisite  for  its  formation.  Organ  after  organ 
becomes  successively  evolved,  until  the  full  period  of  incubation  is 
accomplished,  when  it  breaks  the  shell.  At  this  time  it  has,  within 
it,  a  portion  of  nutriment  derived  from  the  yolk  drawn  into  the 
body.  This  suppfies  its  wants  for  a  short  period;  but  it  soon  be- 
comet*  necessary,  that  it  should  select  and  collect  food  for  itself^ 
and  we  observe  it  throwing  its  various  organs  into  action  for  the 
prehension,  mastication,  deglutition,  &c.  of  the  food,  as  if  it  had  been 
long  accustomed  to  the  execution  of  these  functions. 

In  the  formation  of  the  human  foetus  in  utero  the  same  instinctive 
action  is  observable  in  the  successive  evolution  of  organs,  and  in  the 
limitation  of  the  body  to  a  determinate  shape,  size,  structure,  Slc; 
and  when  these  requisites  have  been  attained,  the  child  bursts  the 
membranous  envelope,  and  is  extruded,  to  maintain  thenceforth  an 
existence  independent  of  the  mother.  More  helpless,  however,  than 
the  young  of  the  animal  kingdom  in  general,  the  infant  requires  the 
fostering  care  of  the  parent,  for  the  purpose  of  supplying  it  with  the 
necessary  nutriment,  but  as  soon  as  food  is  conveyed  to  the  lips,  the 
whole  of  the  complicated  process  of  deglutition  is  effected  for  the 
first  time,  with  the  same  facility  as  after  long  practice.  As  we  des- 
cend in  the  animal  kingdom  we  find  these  inward  actions  constitut- 
ing the  instinct  more  and  more  largely  exhibited.  In  the  quadru- 
ped, it  is  not  necessary  that  the  nipple  should  be  applied  by  the 
mother  to  the  mouth  of  the  new-born  animal.  It  is  sought  for  by 
the  latter,  invariably  discovered,  and  as  invariably  seized  hold  of, 
by  the  appropriate  organ  of  prehension — ^the  mouth-  The  lips  are 
applied;  the  air  is  exhausted;  and  the  milk  flows,  according  to  exact 
principles  of  hydrostatics,  but  without  the  animal  having  the  least 
knowledge  of  the  physical  process  which  it  accomplishes.  Natural- 
ists, indeed,  assert,  that  before  the  calf  has  been  more  than  half  ex- 
truded from  the  mother,  it  has  been  seen  to  turn  round,  embrace, 
and  suck  the  maternal  teat. 

As  we  descend  still  farther  in  the  scale  of  creation,  we  discover 
the  manifestations  of  instinct  yet  more  signally  developed;  until  ul- 
timately, in  the  very  lowest  classes  of  animals,  the  whole  of  the 
functions  are  exercised  much  in  the  same  manner  as  in  the  vegett- 
ble;  and  appear  to  be  wholly  instinctive,  without  the  slightest  evi- 
dence of  Uiat  intelligence,  which  we  observe  in  the  upper  classes 
of  the  animal  kingdom,  and  pre-eminently  in  man.  This,  however, 
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applies  only  to  tho  zoophyte;  for,  a  short  way  higher  up  the  scale^ 
we  meet  with  apparent  intelligence,  united  with  instinct  in  a  man- 
ner that  is  truly  surprisiuj^  and  mysterious. 

Again>  the  similarity  of  the  actions  of  the  instinctive  principle, 
in  the  animal  and  vegetable,  is  exhibited  by  the  reparatory  power 
which  both  possess  when  injuries  are  inflicted  upon  them.  If  a 
branch  be  forcibly  torn  from  a  tree,  the  bark  gradually  accumulates 
around  the  wound,  and  cicatrization  is  at  length  accomplbhed.  The 
great  utility  of  many  of  our  garden  vegetables, — such  as  spin- 
ach, parsley,  cress,  &c— depends  upon  the  possession  of  a  power 
to  repair  injuries,  so  that  new  shoots  speedily  take  place  where  the 
leaves  have  been  removed:  similar  to  this  is  the  reparatory  process, 
instituted  in  the  lobster  that  has  lost  its  claw,  and  in  the  serpent  de- 
prived of  its  tail.  These  parts  are  reproduced  as  the  leaves  are  in 
the  spinach  or  the  parsley. 

But  few  animals,  however,  possess  the  property  of  restoring  lost 
parts;  whilst  all  are  capable  oi  repairing  their  own  wounds  when 
not  excessive,  and  of  exciting  a  sanative  j;)Ower,  when  labouring  un- 
der disease.  If  a  limb  be  torn  from  the  body,  provided  the  ani- 
mal does  not  die  from  hemorrhage,  a  reparatory  effort  is  establish- 
ed, and  if  the  severity  of  the  injury  does  not  induce  too  much  irri- 
tation in  the  system,  the  wound  will  gradually  fill  up,  and  the  skin 
form  over  it  To  a  lesser  extent  we  see  this  power  exerted  in 
the  healing  of  ordinary  wounds,  and  in  cementing  broken  bones ; 
and  although  it  may  answer  the  purpose  of  the  surgeon  to  have  it 
supposed  that  he  is  possessed  of  healing  salves,  &c.,  he  is  well  aware, 
that  the  great  art,  in  these  cases,  is  to  keep  the  part  entirely  at  rest, 
whilst  his  salves  are  applied  simply  for  the  purpose  of  keeping  the 
wound  moist;  the  edges  in  due  apposition,  where  such  is  necessary, 
and  extraneous  bodies  from  having  access  to  it^ — his  trust  being  al- 
together placed  in  the  sanative  influence  of  the  instinctive  power 
situated  in  the  injured  part,  and  in  every  part  of  the  frame. 

It  is  to  this  power,  that  we  must  ascribe  all  the  properties,  assign- 
ed to  the  famous  aympathetic  powder  of  Sir  Kenelm  Dioby,— 
which  was  supposed  to  have  the  wonderful  property  of  healing 
wounds,  when  merely  applied  to  the  bloody  cloths  of  the  wounded 
person,  or  to  the  weapon  that  had  inflicted  the  mischief.  Thi^^re- 
paration,  at  one  time,  enjoyed  the  most  astonishing  reputation.  It 
was  first  employed  at  Florence  in  the  commencement  of  the  17th 
century,  by  a  Carmelite  monk,  who  had  just  returned  from  India. 
The  Grand  Duke,  hearing  of  the  monk's  marvellous  cures,  asked 
him  for  his  secret,  which  he  refused,  fearing  that  the  Duke  would 
divulge  it  Some  time  afterwards.  Sir  Kenelm  Dioby,  having  ren- 
dered an  important  service  to  the  monk,  the  latter,  out  of  grati- 
tude, communicated  to  him  the  composition  of  the  powder;  and  Sir 
Kenelm  took  the  secret  with  him  to  England.  An  opportunity 
soon  occurred  for  testing  its  properties.  A  Mr.  Howell,  having 
been  wounded  in  attempting  to  separate  two  of  his  friends  engaged 
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iQ  a  duel,  was  subjected  to  its  employmeDt  Four  days  after  the 
iuflictioa  of  the  wound,  Sir  Kjbnelm  dipped  one  of  Mr.  Howei.i.'s 
garters  in  a  solution  of  the  powder;  and,  immediately,  it  is  as- 
serted, the  wound,  which  was  previously  painful,  became  easy ; 
but,  as  the  garter  grew  dry,  the  pains  returned,  and  were  relieyed 
by  a  fresh  immersion  in  the  solution.  In  five  or  six  days  the 
wound  healed.  James  the  first;  his  son,  afterwards  Chari.es  the 
second;  the  Duke  of  Buckingham,  and  all  the  principal  personage 
about  the  court  were  acquainted  with  the  circumstances  of  the  case; 
and  James,  whose  enthusiasm  was  not  counterbalanced  by  much 
judgment,  and  who  was,  withal,  superstitious  to  the  highest  degree, 
obtained  the  secret  from  Sir  Kenelm,  and  himself  operated  most 
astonishing  cures..  In  no  great  length  of  time  the  composition  trans- 
pired, and,  as  in  all  similar  cases,  the  charm  evaporated  with  the 
disclosure. 

Drtden  alludes  to  the  superstition  in  his  Enchanted  Island^ 
where  Miranda  enters  with  Hippolito's  sword  vnrapped  up. 

<*  Hip.  O  my  wounds  pain  me.  ("She  umorap$  the  sword.  J 

Mim.  I  am  come  to  eaie  you. 

Hip.  Alaa!  I  feel  the  cold  air  come  to  me; 

My  wound  shoots  worse  than  ever. 
MiB.  Does  it  still  griere  you?  fShe  wipes  and  anomU  the  sword, J 
Hip.  Now»  methinks,  there's  something  laid  just  upon  it 
Mim.  Do  you  find  no  ease? 
Hip.  Tes,  Yes;  upon  the  sudden  all  this  pain 

Is  leaving  me. — Sweet  heaven,  how  am  I  eased!" 

The  powder,  employed  by  Sir  Kenelm  Digbt,  is  asserted  to 
have  been  the  sulphate  of  copper  prepared  in  a  particular  man- 
ner. Some  affirm  it  to  have  been  the  ordinary  green  vitriol  of 
commerce. 

The  sympathetic  ointments  applied  to  the  weapon  were  of  va- 
rious characters,  containing  the  most  absurd,  disgusting,  and  inert 
ingredients ;-7as  we  see  in  the  following  quotation  from  the  Sylva 
Sylvarum^OT  Natural  History  of  Lord  Bacon,  whose  great  mind 
was  too  frequently  imbued  with  the  superstitions  and  prejudices  of 
his  age.  The  mode  of  managing  the  wound  itself  sufficiently  ac- 
counts for  the  good  effects  ascribed  to  the  ^'cure  by  sympathy." 

^^  It  is  constantly  received  and  avouched,  that  the  anointing  of 
the  weapon  that  maketh  the  wound,  will  heal  the  wound  itself.  In 
this  experiment,  upon  the  relation  of  men  of  credit,  though  myself, 
as  yet,  am  not  fully  inclined  to  believe  to  it,  you  shall  note  the  points 
following:  first,  the  ointment^  with  which  this  is  done,  is  made  of 
divers  ingredients;  whereof  the  strangest  and  hardest  to  come  by, 
are  the  moss  upon  the  skull  of  a  dead  man  unburied;  and  the  fats  of 
a  boar  and  a  bear  killed  in  the  act  of  generation.  These  two  last  I 
could  easily  suspect  to  be  prescribed  as  a  starting  hole;  that  if  the 
experiment  proved  not,  it  might  be  pretended  that  the  beasts  were 
not  killed  in  the  due  time;  for  as  for  the  moss,  it  is  certain  there  is 
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great  quantity  of  it  in  IrelaDd,  upon  slain  bodies,  laid  in  heaps  un- 
buried.  The  other  ingredients  are,  the  blood-stone  in  powder,  and 
some  other  things,  which  seem  to  have  a  virtue  to  staunch  blood; 
as  also  the  moss  hath.  And  the  description  of  the  whole  ointment 
is  to  be  found  in  the  chymical  dispensatory  of  Crollius.  Secondly, 
the  same  kind  of  ointment  applied  to  the  part  itself,  worketh  not 
the  effect;  but  only  applied  to  the  weapon.  Thirdly,  which  I  like 
well,  they  do  not  observe  the  confecting  of  the  ointment  under  any 
certain  constellation ;  which  commonly  is  the  excuse  of  magical 
medicines  when  they  fail,  that  they  were  not  made  under  a  fit 
figure  of  heaven.  Fourthly,  it  may  be  applied  to  the  weapon, 
though  the  party  hurt  be  at  a  great  distance.  Fifthly,  it  seemeth 
the  imagination  of  the  party  to  be  cured  is  not  needful  to  concur; 
for  it  may  be  done  without  the  knowledge  of  the  party  wounded; 
and  thus  much  has  been  tried,  that  the  ointment,  for  experiment's 
sake,  hath  been  wiped  off  the  weapon,  without  the  knowledge  of 
the-party  hurt,  and  presently  the  party  hurt  has  been  in  great  rage 
of  pain,  till  the  weapon  was  reanointed.  Sixthly,  it  is  affirmed,  that 
if  you  cannot  get  the  weapon,  yet  if  you  put  an  instrument  of  iron 
or  wood,  resembling  the  weapon,  into  the  wound,  whereby  it  bleed- 
eth,  the  anointing  of  that  instrument  will  serve  and  work  the  effect 
This  I  doubt  should  be  a  device  to  keep  this  strange  form  of  cure 
in  request  and  use ;  because  many  times  you  cannot  come  by  the 
weapon  itself*  Seventhly,  the  wound  must  be  at  first  washed  clean 
with  white  wine,  or  the  party's  own  water;  and  then  bound  up 
close  in  fine  linen^  and  no  more  dressing  renewed  till  it  be  whole. 
Eightly,  the  sword  itself  must  be  wrapped  up  close,  as  far  as  the 
ointment  goeth,  that  it  taketh  no  wind.  Ninthly,  the  ointment,  if 
you  wipe  it  off  from  the  sword  and  keep  it,  will  serve  again;  and 
rather  increase  in  virtue  than  diminish.  Tenthly,  it  will  cure  in 
far  shorter  time,  than  ointments  of  wounds  commonly  do.  Lastly, 
it  will  cdre  a  beast  as  well  as  a  man;  which  I  like  best  of  all  the 
rest,  because  it  subjecteth  the  matter  to  an  easy  trial." 

The  line  in  the  above  quotation,  marked  in  Italics,  is  the  key  to 
the  solution  of  the  whole  mystery.  It  is,  indeed,  the  practice 
adopted  at  the  present  day  in  the  treatment  of  incised  wounds;  and 
to  this,  not  to  the  influence  of  the  sympathetic  powder,  or  ointment, 
it  need  hardly  be  said,  must  the  whole  agency  be  ascribed.  The 
wound  was  carefully  defended  from  irritation  by  extraneous  sub- 
stances, and  given  up  to  that  instinctive  principle,  which,  we  have 
seen,  repairs  the  injuries  to  which  organized  bodies  are  liable:  and 
it  has  been  suggested  that  the  result  furnished  the  first  hint, 
which  led  surgeons  to  the  inpproved  practice  of  healing  wounds 
by  what  is  technically  called  the  first  intention.  It  is  to  this 
instinctive  principle,  so  clearly  evinced  in  surgical  or  external  af- 
fections, but  not  less  actively  exerted  in  cases  of  internal  mischief, 
that  the  term  vis  medicalrix  na/t^ra;, has  been  assigned:  and  what- 
ever may  be  the  objections  to  the  views  entertain^  regarding  its 
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numifefUtions  in  dtfeMe,  that  aoeh  a  power  exists  can  no  nore  be 
denied  thaq  that  organized  bodies  are  possessed  of  the  vital  priie 
eipla.  We  have  too  many  instances  of  recovtty  from  injuries^  not 
only  without  the  aid  of  the  practitioner,  but  even  in  spite  of  it,  to 
doubt  for  a  moment,  that  there  is,  within  every  living  body,  a  prin- 
eiple,  whose  operations  are  manifestly  directed  to  the  health  and 
preservation  of  the  frame,  and  of  every  part  of  such  frame. 

So  far,  then,  it  is  manifest,  that  the  instinctive  actions  of  the 
animal  and  the  vegetable  are  exerted  according  to  the  aanse  Jaws, 
and  probably  through  similar  organs.  This,  at  least,  applies  to  the 
lowest  of  all  animated  beings,  where  the  diflTerence  between  them 
and  the  vegetable  is  small  indeed.  It  applies  equally  to  the  bam«n 
foetus,  which  can  be  considered  but  to  vegetate  during  the  greater 
part  of  utero-gestation;  and  even  for  some  time  after  birth,  its  actions 
are  purely  instinctive,  and  di£fer  but  little  from  those  of  the  vege- 
table, except  that,  owing  to  the  organization  of  its  nervous  system, 
the  sets  are  of  a  more  complicated  character.  It  is  only  when  the 
brain  has  become  duly  developed,  and  the  external  senses  fully  so^ 
that  it  exhibits  so  decidedly  the  difference  between  those  aots  which 
it  had  previously  accomplished  instinctively,  and  the  elevated  phe- 
nomena of  sensibility,  which  man  enjoys  so  pre-eminently,  bat 
which  are  likewise  possessed,  to  a  greater  or  less  extent,  by  the 
whole  animal  creation. 

It  is  the  difficulty,  which  occurs  in  pointing  out  the  exact  dif- 
ference between  the  manifestations  of  instinct  and  those  of  intdli- 
genee,  that  has  induced  some  individuals  to  deny  to  animals  the 
possession  of  the  former.  We  have  seen  the  mode  in  which  the 
principle  is  evidenced  in  the  zoophyte  and  in  the  vegetable;  sod  it 
IS  but  an  extension  of  it,  that  we  witness  in  the  beings  still  higher 
in  the  scale.  Yet  how  wonderful  and  inexplicable  are  its  operations; 
and  how  forcible  its  impulsion  in  these  minute  animals  that  sur- 
prise us  by  the  ingenuity  and  forethought  with  which  all  their  ae- 
tions,  for  the  preservation  and  reproduction  of  the  species,  are  di- 
rected! Let  us  take  a  few  examples,  from  the  msny  afforded  by 
the  insect  tribe. 

The  cells  of  the  ordinary  honey-comb  are  intended  for  the  larvse 
of  the  different  varieties  of  the  occupants  of  the  hive.  These 
celb  are  usually  placed  horizontally,  with  their  mouths  open- 
ing towards  the  sides  of  the  hive.  The  bottom  of  the  cells,  in- 
st^  of  forming  one  flat  square,  is  composed  of  three  lozenge- 
shaped  pieces,  so  united  as  to  make  the  cell  end  in  a  point ;  conse- 
quently, the  whole  forms  a  hexagonal  tube,  terminating  in  a  pyri- 
midal  cavity.  If  the  two  cells  had  been  a  single  hexagonal  tube^ 
intersected  in  the  middle  by  a  flat,  instead  of  a  pyramidal,  division, 
not  only  would  the  shape  not  have  answered  the  purpose  of  tiie 
bees,  but  more  wax  would  have  been  expended  in  its  construction. 
Hence,  it  would  seem,  that  both  the  body  and  the  base  of  the  tube 
are  the  best  adapted  for  their  object;  that  the  greatest  strength  and 
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the  greatest  capatity  are  obtained  with  the  least  expenditure  of  wax 
in  a  hexagonal  tube  with  a  pyramidal  base. 

Reaumur,  when  inquiring  into  the  habitudes  of  these  industrious 
animalsi  requested  Eoenio,  an  able  mathematician^  to  solve  the  fol- 
lowing question: — among  all  the  hexagonal  tubes,  with  pyramidal 
bases  composed  of  three  similar  and  equal  rhombs,  to  determine 
that  which  having  the  same  capacity,  can  be  constructed  with  the  least 
possible  quantity  of  matter?  Koenio,  not  aware  of  the  precise  object 
of  Reaumur^s  inquiry,  solved  the  problem,  and  found, — that  if  three 
rhombs  or  lozenges  were  so  inclined  to  each  other  that  the  great  angles 
measured  109^  26',  and  the  little  angles  70°  34',  the  smallest  possible 
quantity  of  matter  would  be  needed.  Maraldi  measured  the  an- 
gles actually  formed  at  the  bottom  of  a  cell,  and  found  that  the 
great  angles  gave  109®  28',  and  the  little  70°  32'.  All  this,  how- 
ever, may  be  ascribed  to  blind  instinct,  proceeding  uniformly  in  the 
same  tract,  without  any  evidence  of  the  admixture  of  reason;  but 
we  have  innumerable  instances,  in  the  same  insects,  to  show,  that 
their  operations  are  varied  according  to  circumstances,  and  that  in- 
telligence is  manifestly  expended  in  the  adaptation  of  their  means 
to  definite  purposes.  Of  this  we  will  assign  but  one  example.  Hu- 
BER,  whose  inquiries  into  this  part  of  entomology  have  been  singu- 
larly minute  and  accurate,  having  had  great  ravages  committed  on 
his  hives  by  the  sphinx  atropos  or  death's-head  mothj  deter- 
mined to  construct  a  grating  wfiich  should  admit  a  bee  but  not  the 
moth.  He  did  so,  and  the  devastation  ceased.  He  found,  however^ 
that  in  other  hives,  not  protected  by  his  agency,  the  bees  had 
adopted  a  similar  expedient  for  their  defence;  and  these  defences 
were  variously  constructed  in  diflTerent  hives.  ^^  Here,  was  a  single 
wall  whose  opening  arcades  were  disposed  at  its  higher  parts;  there, 
were  several  bulwarks  behind  each  other,  like  the  bastions  of  our 
citadels:  gateways,  masked  by  walls  in  front,  opened  on  the  face  of 
the  second  rows,  while  they  did  not  correspond  with  the  apertures 
of  the  first  Sometimes  a  series  of  intersecting  arcades  permitted 
free  egress  to  the  bees,  but  refused  admittance  to  their  enemies. 
These  fortifications  were  massy,  and  their  substance  firm  and  com- 
pact, being  composed  of  propolis  and  wax." 

It  would  be  endless,  and  beyond  the  design  of  this  work,  to  enu- 
merate the  various  evidences  of  intelligence,  exhibited  by  the  insect 
tribe,  in. fulfilling  the  ends  for  which  they  have  been  destined  by 
the  Great  Author  of  nature;  but  there  are  one  or  two,  which  have 
been  recently  given  to  the  world  in  an  interesting  little  volume, 
entitled.  The  Natural  History  of  InsectSy  which  are  such  signal 
instances  of  the  union  of  instinct  with  intelligence,  as  to  deserve 
special  mention. 

A  species  of  spider, — mygale  cem^fana— inhabiting  the  south 
of  Europe,  constructs  a  cylindrical  cavity  more  than  two  feet  long, 
in  some  sloping  bank,  calculated  to  let  the  water  run  ofi*;  the  inside 
is  lined  with  a  web  of  fine  silk.    But,  in  addition  to  the  sagacity  of 
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choosing  a  steq)  bank,  and  the  luxury  of  furnishing  its  retreat  with 
silky  this  spider  is  capable  of  constructing  a  regular  door;  for  this 
purpose,  it  joins  and  cements  layers  of  clay  or  chalk  with  its  gluti- 
nous secretions,  and  thus  contrives  to  make  a  door  exactly  circular, 
and  so  nicely  fitting  into  the  aperture  of  the  cell,  as  to  prevent  its 
being  distinguished  by  the  casual  observer  from  the  surrounding 
earth.  But  the  most  singular  circumstance  is  yet  to  be  told.  The 
sagacious  creature  fabricates  a  hinge  of  silk,  which  it  invariably 
fixes  to  the  highest  part  of  the  aperture,  so  that  it  can  very  easily  be 
pushed  open  from  within  by  the  insect,  and  shuts  by  its  own  weight. 
Thus  barricadoed,  the  gallery  furnishes  a  secure  habitation  for  the 
male  and  female,  with  twenty  or  thirty  of  their  young.  No  noiae 
however  loud,  no  thumping  however  violent,  will  bring  the  wary 
insect  out  of  its  cell;  but  if  the  least  attempt  be  made  to  force  the 
trap-door,  the  spider  immediately  runs  to  it,  and  fixing  some  of  its 
legs  to  the  silk  that  lines  the  door,  and  the  rest  to  the  walls  ^f  the 
cell,  it  pulls  with  all  its  might  against  the  intruder.  The  fact  has 
been  proved  by  lifting  the  door  with  a  pin,  when  the  counter  tugs 
of  the  spider,  endeavouring  to  shut  it,  have  been  distinctly  felt. 

The  water  spider-^-aranea  aqxiatica — is  no  less  singular  in  its 
habits,  proceedings,  and  instincts.  As  soon  as  it  has  caught  its  prey 
on  the  shore,  it  dives  to  the  bottom  of  the  water  and  there  devours 
it  It  is,  consequently,  an  amphibious  animal,  although  seeming  to 
be  better  adapted  for  living  in  contact  with  the  atmosphere  than 
with  the  water.  ^^  The  diving-bell  is  a  modern  invention;  and  few 
facts  excite  our  wonder  more  than  the  possibility  of  a  man's  being 
enabled  to  live  and  move  at  the  bottom  of  the  ocean.  This  triumph 
of  reason  over  the  unfriendly  element,  however,  was  anticipated  by 
an  insect, — the  spider  in  question.  This  creature  spins  some  loose 
threads,  which  it  attaches  to  the  leaves  of  aquatic  plants;  it  then 
varnishes  them  with  a  glutinous  secretion,  which  resembles  liquid 
glass,  and  is  so  elastic  as  to  admit  of  considerable  distention  and 
contraction.  It  next  lays  a  coating  of  this  same  substance  over  its 
own  body,  and  underneath  this  coating  introduces  a  bubble  of  air. 
Naturalists  conjecture,  that  it  has  the  power  of  drawing  this  air  in 
at  the  anus,  from  the  atmosphere  at  the  surface  of  the  pool,  but 
the  precise  mode  in  which  it  is  separated  from  the  body  of  the 
atmosphere,  and  introduced  under  the  pellicle  covering  the  insect's 
body,  has  not  been  clearly  ascertained.  Thus  clothed,  and  shining 
like  a  ball  of  quicksilver,  it  darts  through  the  waters,  to  the  spot  in 
which  it  had  fixed  its  habitation;  and,  disengaging  the  bubble  from 
under  the  pellicle,  it  dexterously  introduces  it  into  a  web  formed  at 
the  bottom.  After  repeatedly  moving  from  the  top  to  the  bottom 
of  the  water,  and,  at  each  journey  filling  its  habitation  with  a  fresh 
bubble  of  air,  at  length  the  lighter,  completely  expels  the  heayier, 
fluid,  and  the  insect  takes  possession  of  an  aerial  habitation,— com- 
modious and  dry, — ^finished  in  the  very  midst  of  the  waters.  It  is 
about  the  size  and  shape  of  half  a  pigeon's  egg.    From  this  cori- 
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oos  chamber  the  spider  hunts,  searching  sometimes  the  waters,  and 
sometimes  the  land,  for  its  prey,  which,  when  obtained,  is  trans- 
ported to  this  subaquatic  mansion,  and  devoured  at  leisure.  The 
male,  as  well  as  the  female,  exhibits  the  same  instincts.  Early  in 
the  sprinff  the  former  seeks  the  mansion  of  the  latter,  and,  having 
'  enlai^d  it  by  the  introduction  of  a  little  more  air,  takes  up  its  abode 
with  its  mate.  About  the  middle  of  April,  the  eggs  are  laid,  and, 
packed  up  in  a  silken  cocoon  in  a  corner  of  their  habitation,  are 
watched  with  incessant  care  by  the  female. 

In  all  our  reasonings,  then,  on  the  subject  of  instinct,  we  must  be 
compelled  to  admit,  in  the  case  of  most  animals  at  least,  a  union  of 
intelligence  which  strikingly  modifies  those  actions, — the  impulse 
to  which  is  doubtless  laid  in  organization.  The  precise  line  of  do* 
marcation  between  instinctive  acts  and  reason  cannot,  however,  be 
established,  and  this  has  led  some  philosophers  to  cdl  in  question 
the  existence  of  the  former: — 

«*  Tell  me  why  the  ant, 
'Itidst  tammer'f  plenty,  thinks  of  winter's  want. 
By  constant  journeys  careful  to  prepare 
Her  stores;  and,  bringing  home  the  corny  ear^ 
By  what  instruction  does  she  bite  the  ipnin^  ^ 

Lest,  hid  in  earth,  and  taking  root  agam» 
It  might  elude  the  foresight  of  her  care  f 
Distinct  in  either  insect's  deed  appear 
The  marks  of  thought,  contrtrance,  hope,  aad  fear." 

It  is  owing  to  this  union  of  intelligence  with  instinct,  that  we  find 
animals  accommodating  themselves  to  circumstances,  so  that  if  pre« 
vented  from  adopting  the  habits  that  belong  to  the  species,  thej 
have  recourse  to  others  as  similar  as  possible.  Thus,  if  a  bird  is 
prevented  from  building  its  nest  in  a  particular  situation,  or  from 
obtaining  the  material  which  birds  of  its  own  species  employ,  it 
has  recourse  to  other  materials  and  to  another  situation,  as  like  those 
that  are  appropriate  to  it  as  is  practicable. 

The  rook  usually  and  instinctively  builds  its  nest  on  the  summit 
of  the  tallest  trees:  but  Dr.  Dabwin, — who  is  one  of  those  that  call 
in  question  the  influence  of  instinct,— asserts,  that  in  Welboum 
church-yard,  a  rookery  was  formed  on  the  outside  of  the  spire,  and 
on  the  tops  of  the  loftiest  windows.  There  had  formerly  beien  a  row 
or  grove  of  high  trees  in  the  neighbourhood,  which  had  been  cut 
down,  and,  in  consequence,  the  birds  exhibited  the  union  of  intelli- 

Ence  with  instinct,  by  building  on  the  lofty  spire  and  windows, 
like  manner,  the  jackdaws  of  Selbourn,  according  to  Mr.  Whitx, 
not  finding  a  sufficiency  of  steeples  and  lofty  houses,  on  which  to 
hang  their  nests  in  that  village,  accommodated  themselves  to  cir- 
cumstances, and  built  them  in  forsaken  rabbit  burrows. 

By  Stahl,  and  the  animists  in  general,  as  well  as  by  more  re* 
cent  philosophers,  the  whole  of  the  phenomena  of  instinct  have 
been  referred  to  experience,  so  obscure  as  not  to  be  easily  traceable, 
Vol.  II.  63 
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but  not  the  less  cerUiQly  existent  The  insect  tribes,  howeyer,  fiur- 
nish  us  with  many  cases  where  the  young  being  can  never  see  the 
parentSyand  can,  of  course,  derive  no  benefit  from  the  experience  of 
its  progenitors.  Yet  their  habits  are  precisely  what  they  have  pro- 
bably ever  been:  so  uniform,  indeed,  as  to  compel  us  to  refer  them 
to  tome  constant  impulse  connected  with  their  special  organization, 
mnd  consequently  instinctive. 

In  support  of  the  existence  of  these  natural  impulsions,  the  com- 
mon occurrence  of  a  brood  of  young  ducks,  brought  up  under  a 
hen,  has  been  adduced*  These  little  beings,  soon  after  they  have 
broken  the  shell,  and  contrary  to  all  the  feelings  and  instincts  of 
the  foster  mother,  will  seek  the  water,  and  suddenly  plunge  into  it, 
whilst  the  hen  herself  does  not  dare  to  follow  them.  J3y  what  kind 
of  experience  or  observation, — it  has  been  asked, — by  what  train 
of  thought  or  reasoning  has  the  scarcely  fledged  brood  been  able  to 
discern  that  a  web-foot  adapts  them  for  swimming?  Any  experi- 
ence they  can  have  derived  must  have  taught  them  to  shun  the 
water,  yet  notwithstanding  this,  instinct  points  out  to  them  the  ha- 
bitudes to  which  they  are  adapted,  and  its  indications  are  obeyed  in 
spite  of  every  kind  of  counter-experience. 

Our  own  country  affords  us  an  example  of  singular  instinctive  in- 
dustry in  the  Searabseus  pilularis  or  tumble-turd,  as  it  is  vul- 
garly called.  These  common  and  remarkable  beetles  appear  in 
April  or  May,  and  continue  through  the  summer  months,  or  till 
about  September,  when  they  disappear,  and  no  more  is  seen  of 
them  until  the  following  spring.  Their  constant  employment, 
for  the  perpetuation   of   their  species,    is  in  providing   appro- 

Siriate  nidi  in  which  to  deposit  their  eggs.  This  they  effect  by 
brming  balls  of  dung,  in  the  middle  of  which  they  deposit 
an  e^.  These  balls  are  then  buried  in  the  earth,  where  they 
remain  until  the  approach  of  spring,  when  the  young  are  hatched, 
and  make  their  way  above  ground.  The  industry  and  skill  they 
exhibit,  in  forming  and  rolling  these  balls,  is  astonishing.  One  of 
the  insects  forces  the  ball  onwards  with  his  hind-feet,  by  raising 
himself  on  his  fore-feet,  whilst  its  companion  draws  down  the  ball 
on  the  opposite  side  with  its  fore-feet  In  this  manner,  the  ball  is 
rolled  until  they  come  to  a  place  wher^  the  ground  allows  the 
ball  to  be  deposited,  which  is  effected  by  the  insect  forming  an 
excavation  under  ■  it,  and  letting  it  fall  downwards.  Catbsbt 
says,  that  they  convey  their  pellets  three  feet  deep  in  the  ground, 
but  they  are  certainly  satisfied  with  a  less  depth  in  Virginia. 

This  insect  has  been  considered  peculiar  to  America.  Aristotub 
and  Pliny,  however,  mention  a  kind  of  beetle,  which  rolls  large 
balls  of  dung  with  its  feet  backwards,  and  lodges  within  it, — to 
protect  them  from  the  rigor  of  winter,«--8mall  worms,  which  be- 
come its  young. 

Dr.  Good  has  adduced  the  singular  instance  of  instinct  exhibited 
by  the  Cancer  ruricola  or  land-craby  an  inhabitant  of  tropical 
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dimes,  and  especially  of  the  Bahamas.  It  is  gr^rious,  and  associ- 
ates in  large  bodies,  which  seem  to  form  an  orderly  society  for  the 
most  part  in  the  recesses  of  inland  mountains,  though  they  regular- 
ly once  a  year  march  down  to  the  sea-side  in  an  army  of  millions, 
to  deposit  their  spawn  in  the  ocean.  The  time,  embraced  for  this 
expedition,  is  generally  the  month  of  May,  when  they  sally  forth 
from  the  stumps  of  hollow  trees,  the  clefts  of  rocks,  and  subterra- 
neous burrows,  in  enormous  multitudes..  The  whole  ground  is  co- 
vered, and  no  geometrician,  it  would  seem,  could  direct  them  to 
their  destined  station  by  a  shorter  route.  No  intervening  obstacle 
arrests  them.  If  they  meet  with  a  house,  they  will  rather  attempt 
to  scale  the  walls  than  relinquish  the  direct  path.  Occasionally, 
however,  they  are  constrained  to  conform  to  the  surface  of  the 
country,  and  if  it  be  intersected  by  a  river,  they  pursue  the  stream 
to  its  fountain  head.  In  great  dearth  of  rain  they  are  compelled  to 
halt,  when  they  seek  the  most  convenient  encampment,  and  remain 
there  till  the  weather  changes.  A  like  halt  is  made  when  the  solar 
heat  is  intense,  and  until  the  cool  of  evening,  when  they  resume 
their  progress.  The  journey  often  takes  up  three  months  before 
they  reach  the  sea-coast  As  soon  as  they  arrive  at  the  water,  they 
plunge  in,  shake  off  their  spawn  upon  the  sands,  and  immediately 
direct  their  course  back  to  the  interior  of  the  country.  The  soft 
sand  is  an  appropriate  nidus  for  the  spawn,  and,  under  the  influence 
of  the  solar  heat  and  of  moisture,  millions  of  little  crabs  are  usher- 
ed into  being,  and  are  seen  crawling  to  the  shore,  and  exploring 
their  way  into  the  interior  of  the  country;  thus  quitting  their  birth- 
place, for  a  state  of  existence  entirely  opposite,  to  which  no  expe- 
rience can  have  impelled  them,  and  to  which  they  arc  directed  by 
an  irresistible  impulse  situated  within  them. 

Instinct,  then,  is  possessed  by  every  organized  body,  animal  and 
vegetable;  whilst  intelligence  is  the  attribute  of  those  only  that  are 
endowed  with  a  certain  nervous  development  They  are,  therefore, 
manifestly  distinct; — the  former  predominating  over  the  latter  in 
the  lower  classes  of  animals;  whilst,  in.  the  upper  classes,  intel- 
ligence becomes  more  and  more  predominant,  until  ultimately  in 
man  it  is  so  ascendant  as  to  appear  to  be  the  main  regulator  of  the 
functions;  indeed,  some  have  altogether  denied  the  existence  of  in- 
stinct in  man.  Instinct  is  seated  in  every  part  of  a  liting  body;  is  to-, 
tally  independent  of  the  nervous  system;  occurs  in  the  vegetable  and 
the  zoophyte  unprovided  with  nerves,  or  at  least  in  which  nerves  have 
never  been  discovered ;  whilst  intelligence  is  always  accompanied  by 
a  nervous  system,  without  which,  indeed,  its  existence  is  incompre- 
hensible. How  can  we,  consequently,  accord  with  those  physiologists 
who  place  the  seat  of  instinct  in  the  organic  nervous  system;  whilst 
that  of  intelligence  is  in  the  brain?  Where  is  tlie  organic  nervous 
system  of  the  zoophytCi  and  a  fortiori  of  the  vegetable?  Or  how 
can  we  admit  the  seat  of  the  various  instincts,  with  Gall,  to  be  in 
the  brain,  seeing  that  we  have  them  exhibited  where  there  is  no 
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brain  nor  any  thing  resembling  one.  The  acephalous  foetus  under- 
goes its  full  development  in  other  respects,  in  utero,  with  the  same 
regularity,  as  to  shape  and  size,  as  the  perfect  f(BtuS|  and  can  we 
deny  it  Uie  existence  of  instinct? 

Yet,  in  the  upper  classes  of  animals  especially,  many  of  the  ma- 
nifestations of  instinct  are  effected  through  the  nervous  system, 
which,  in  them,  as  we  have  elsewhere  seen,  seems  to  hold  in  con- 
trol the  various  functions  of  the  frame,  and  to  be  one  of  the  two 
great  requisites  for  the  existence  of  vitality.  The  instinctive  action 
in  the  appropriate  organ,  which  gives  rise  to  the  internal  sensatioos 
of  hunger,  thirst,  &c.,  is  communicated  to  the  great  nervous  cen* 
tres  by  the  nerves,  and  the  brain  responds  to  the  improsion,  and 
excites,  through  the  medium  of  the  nerves,  the  various  organs  into  ac- 
tion, which  are  calculated  to  accomplish  the  monitions  of  the  instinct 

What  is  the  nature  of  this  instinctive  property  ?  Of  this  we  know 
no  more  than  we  do  of  the  principle  of  life,  of  which  it  is  one  of 
the  manifestations.  It  is  equally  inscrutable  with  the  impondera- 
ble agents,  light,  caloric,  electricity,  or  magnetism,  or  with  the 
mode  of  existence  of  the  immaterial  principle  within  us,  which 
gives  rise  to  the  mental  phenomena:  we  see  it  only  in  its  results; 
which  are,  in  many  cases,  as  unequivocal  as  those  produced  by  the 
agents  just  referred  to.  All,  perhaps,  that  we  are  justified  in  con- 
cluding is,  with  Dr.  Goon,  that  instinct  is  the  operation  of  the  prin- 
ciple of  organized  life,  by  the  exertion  of  certain  natural  powers, 
directed  to  the  presenter  future  good  of  the  individual,  whilst  rear 
son  is  the  operation  of  the  principle  of  intellectual  life,  by  the  ex- 
ercise of  certain  acquired  powers  directed  to  the  same  object;  that 
the  former  appertains  to  the  whole  organized  mass  as  gravitation 
does  to  the  whole  unorganized;  actuating  alike  the  smallest  and  the 
largest  portions;  the  minutest  particles  and  the  bulkiest  systems ;  and 
every  organ  and  every  part  of  every  organ,  whether  solid  or  fluid, 
so  long  as  it  continues  alive;  that,  like  gravitation,  it  exhibits,  under 
particular  circumstances,  different  modifications,  different  powov 
and  different  effects;  but  that,  like  gravitation,  too,  it  is  subject  to 
its  own  division  of  laws,  to  which,  under  definite  circumstances,  it 
adheres  without  the  slightest  deviation;  and  that  its  sole  and  uni- 
form aim,  whether  acting  generally  or  locally,  is  that  of  perfection, 
preservation  or  reproduction. 

In  this  view,  reason  demands  discipline,  and  attains  maturity; 
instinctf  on  the  contrary,  neither  requires  the  one,  nor  is  capable 
of  attaining  the  other.  It  is  mature  from  the  first,  and  equally  80 
in  the  infant  as  in  the  adult. 


The  great  cause  of  all  those  mysterious  phenomena,  which  cha- 
racterize living  bodies,  and  distinguish  them  by  such  broad  demar- 
cations from  the  dead,  has  been  a  theme  of  anxious  inquiry  in  all 
ages;  and  has  ever  ended  in  the  supposition  of  some  special  abstract 
force,  to  which  the  epithet  vital  has  been  assigned,  and  which  has 
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received  various  appellations.  Hiffocbates  designated  it  by  the 
terms  ^vr<$,  and  if«^/u,«f;  Aristotle  styled  it  the  animating  or 
motive  and  generative  principle;  Van  Hslmont,  the  archseua; 
Stahl,  anima;  Barthez,  Hunter,  &c.  vital  principle^  &c.  &c 
Yet,  as  Dr.  Barclay  has  correctly  observed,  all  physiological 
writers, — ancient  and  modern, — seem  to  be  agreed,  that  the  causes 
of  life  and  organization  are  utterly  invisible,  whether  they  pass 
under  the  name  of  animating  principles,  (Aristotle,  Harvet,  &c.) 
vital  principles,  (Barthez,)  indivisible  atoms,  spermatic  power^, 
organic  particles  or  organic  germs,  (Buffon,)  formative  appeten- 
cies or  formative  propensities,  (Darwin,)  formative  forces,  (Need- 
ham,)  formative  nisus  or  bildungstrieb^  (Blumenbach,) 
pre-existing  monads,  (Leibnitz,)  semina  rerum,  (Lucbetixts,) 
plastic  natures,  (Cudwobth,)  occult  qualities,  or  certain  unknown 
ehymical  affinities.  ^'  All  seem  agreed,  that  whatever  they  be,  they 
have  been  operating  since  the  world  began,  and  throughout  tl^e 
world  operating  regularly,  without  intermission,  in  various  places 
at  the  same  time.  All  seem  agreed,  that  their  modes  of  operation 
are  strictly  methodical;  that  they  seem  to  act  on  definite  plans,  and 
actually  exhibit  specific  varieties  of  ehymical  combination,  and 
mechanical  structure,  which  human  intelligence  cannot  compre- 
hend, much  less  explain.  From  their  mutual  dependence,  and 
other  relations  subsisting  between  them,  all  seem  to  speak  as  if 
they  were  subjected  to  one  great  cause,  which  regulates  and  har- 
monizes the  whole.  All  seem  to  speak  of  this^  great  cause  as  if  it 
were  eternal,  omnipotent^  omnipresent:  whether  it  be  the  element 
of  fire,  of  air,  or  of  water,  or  whether  it  be  fate,  nature,  necessity, 
or  a  God.'' 

By  virtue  of  this  principle  of  life,  every  organized  tissue  is  pos- 
sessed of  certain  j9ropcr/te^,  to  which  the  term  vital  has  been  as- 
signed. Regarding  the  precise  number  of  these  properties,  phy- 
siologists are  not  agreed.  Whilst  some  have  reckoned  many;  others 
have  admitted  but  one. 

All  the  functions,  which  we  have  hitherto  considered,  are  under 
the  influence  of  life,  and  are  products  of  the  vital  properties  seated 
in  the  tissues;  but  we  do  not  consider  them  to  be  directly  caused 
by  these  properties.  Digestion,  for  example,  is  executed  by  a  se- 
ries of  organs,  all  of  which  are  conducive  to  a  certain  result,  the 
aggregate  constituting  the  function  of  digestion.  The  result  of  the 
action  of  the  salivary  gland  is  very  diflerent  from  that  of  the  liver; 
yet  both  operations  are  vital,  but  modified  by  the  diflferent  organi- 
zation of  the  two  glands.  We  do  not,  however,  ascribe  the  differ- 
ence to  a  difference  in  the  vital  properties  of  the  glands.  They 
are  probably  the  same  in  both;  and  are  seated  in  the  primary  tis- 
sues, of  which  all  the  more  compound  textures  and  organs  are 
built  up.  They  are  primary  or  fundamental  properties  of  living 
matter. 

Stahl>  having  observed  obscure,  oscillatory  movements^  alter- 
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nate  contraction  and  expansion  in  certain  parts  of  the  body,  either 
during  the  exercise  of  a  function,  or  on  the  application  of  some 
external  agent,  conceived  that  every  part  of  the  frame  is,  at  all 
times,  more  or  less  susceptible  of  similar  movements.  These 
movements  he  called  tonicj  their  effect  upon  the  organs  tont^  and 
the  property  by  which  they  were  induced  he  considered  peculiar 
to  organization,  and  termed  it  tonicity.  This  vital  property,  he 
conceived,  influenced  the  progression  of  the  fluids  in  the  vessels; 
the  phenomena  of  exhalation  and  absorption,  and  was  totally  dis- 
tinct from  the  properties  possessed  by  inorganic  bodies. 

Haller  admitted  two  vital  properties,  very  distinct  from  each 
other,  which  seemed  to  him  to  be  equally  elementary.  The 
one  of  these  is  that  by  which  a  living  part  exhibits  itself  to  be 
tenaible,  or  transmits  to  the  sensorium  an  impression  made  upon 
it,  either  by  an  extraneous  body,  or  by  its  own  internal  and  or- 
ganic action.  The  other  is  that  by  which  a  part  contracts  in  a 
manner  appreciable  to  the  senses,  either  by  the  influence  of  the 
will,  or  of  some  external  or  internal  stimulus. 

The  first  of  these  he  considered  to  be  a  special  vital  property, 
which  he  termed  sensibility;  and  the  second  to  be  another  pro- 
perty, which  he  called  irritability.  Prior  to  his  time,  the  word 
irritability  had  been  adopted  by  Glisson,  who  had  noticed  the 
fact,  that  living  matter  was  acted  upon  by  irritations  of  various 
kinds,  in  a  mode  nowise  analogous  to  physical  and  chymical  noo- 
tions,  and  hence  he  concluded,  that  every  organ  of  the  human 
frame  possesses  an  inherent  and  peculiar  force,  which  presides  over 
its  movements,  and  is  requisite  for  the  exercise  of  its  functions. 
This  force  he  called  irritability.  Von  Gorter  subsequently  ex- 
tended the  views  of  Glisson,  and  applied  them  to  the  vegetable; 
afiSrming  irritability  to  be  the  sole  vitid  property  of  all  organized 
bodies;  vegetable  as  well  as  animal. 

The  acceptation,  given  to  the  term  by  Haller,  was  conse- 
quently, more  limited.  He  restricted  it  to  those  motions  only  of 
*p9X\A  which  fall  under  the  observation  of  the  senses;  such  as  the 
contraction  of  the  voluntary  muscles,  heart,  &c.  He  made  numer- 
ous experiments  on  living  animals,  for  the  purpose  of  discovering 
what  parts  are  possessed  or  not  of  the  two  properties  of  sensibility 
and  irritability^  and  he  concluded,  that  the  former  resides  exclu- 
sively in  the  nervous, — the  latter  in  the  muscular,  system. 

This  celebrated  theory,  which  formed  so  large  a  part  of  physio- 
logical science  at  one  time,  and  is  still  an  interesting  topic  to  the 
physiologist,  has  been  referred  to  in  so  many  parts  of  this  work, 
as  to  require  but  few  comments  in  this  place.  We  have  seen  that 
many  of  the  parts,  regarded  by  Haller  as  insensible,  are  acutely 
sensible  in  disease,  and  that  we  cannot  pronounce  a  part  to  be 
positively  insensible  until  we  have  applied  every  kind  of  irritant 
to  it  without  effect  We  have  elsewhere  defined  sensibility  to  be 
an  exclusive  property  of  the  nervous  system;  and  have  attempted 
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to  show  that  irritability  is  a  property  of  the  muscular  tissue,— a 
vis  instia — totally  independent  of  the  nerves,  but  of  which  the 
nervous  fluid  is  an  appropriate  excitant. 

As,  however,  the  vital  properties  of  sensibility  and  irritability 
were  restricted  by  Halleb  to  the  nervous  and  muscular  systems, 
they  were  regarded  to  be  insufficient  for  the  explanation  of  the 
various  living  actions  of  the  frame:  the  next  step  was,  therefore, 
to  extend  them  to  every  part  and  to  every  tissue.     It  was  found, 
for  example,  that  on  investigating  the  most  minute  movements  of 
parts,  these  movements  were  always  preceded  by  an  impression, 
to  which  they  seemed  sensible,  and  which  appeared  to  excite  their 
actions.     This  general  property,  common  to  every  living  part,  of 
receiving  an  impression,  was  called  sensibility/;  thus  generalizing 
the  property,  which  Haller  had  restricted  to  perceptivity  by  the 
mind.     Every  part  was  said  to  be  sensible  to  the  blood  sent  to  it 
for  its  nutrition.     Again,  every  part  was  observed  to  move  in  con- 
sequence of  the  impression  it  received,  sometimes  in  an  apparent 
manner, — as  the  heart;  at  others  too  slightly  for  its  movements  to 
be  recognised  otherwise  than  by  the  results, — as  in  the  case  of  the 
glandular  organs;  but  always  in  a  manner  special  to  organized 
matter,  and  not  analogous  to  any  physical  or  chymical  process. 
This  motion  was,  therefore,  referred   to  another  force,  called 
tnotilityy  which  is  nothing  more  than  irritability  generalized. 
These  two  properties  are  alone  admitted  by  most  modern  writers. 
Every  organ  is  said  to  feel  and  to  move,  after  its  manner,  in  the 
performance  of  its  function;— the  stomach  in  digestion;  the  heart 
in  propelling  the  blood ;  the  muscle  in  contracting,  and  the  nerve 
in  transmitting  sensitive  impressions  to  the  brain. 

Many  modern  physiologists,  whilst  they  admit  the  properties 
of  sensibility  and  motility,  have  reckoned  a  greater  number  of 
vital  properties;  and  this  owing  to  their  having  observed  that  each 
part  has  its  own  peculiar  mode  of  sensibility  and  motility,  and 
when  these  modes  have  seemed  to  differ  largely  from  each  other, 
they  have  elevated  them  into  so  many  special,  vital  properties. 

The  chief  modern  theories  on  the  vital  properties  are  those  of 
Barthez,  Blumenbach,  Chaussieb,  Dumas,  and  Bichat.  Bar- 
THEZ  admitted  five,  which  we  can  do  no  more  than  enumerate: 
sensibility  J  force  of  contraction^  force  of  expansion  or  active 
dilatation^  force  of  fixed  situation^  and  tonicity.  Blumenbach 
also  admitted  five; — sensibility^  irritability,  contractility ^  vita 
j)ropria  or  proper  force  oflifcj  and  nisus  formativuSy  force  of 
formation  or  bildungstrieb.  Dumas  referred  all  the  living 
phenomena  to  four  vital  properties;  sensibility ^  motility y  force  qf 
assimilation^  and  force  of  vital  resistance. 

The  theory  of  Bichat  on  this  subject  requires  a  more  detailed 
notice.  He  also  admitted  five  vital  properties;  organic  sensi^ 
bilityj  insensible  organic  contractility y  sensible  organic  con- 
iractility,  animal  sensibility,  and  animal  contractility. 
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I 
First.    Organic  sensibUity  is  the  faculty  posiessed  by  every 

living  fibre  of  receiving  an  impression,  or  of  being  modified  fay 
contact,  so  that  the  modification  is  restricted  to  the  part  that  ex- 
periences it,  and  is  not  transmitted  to  the  brain.  The  t&rm 
sensibility  was  adopted  by  Bichat  because  already  established^ 
and  the  epithet  organic  was  added,  to  affirm,  that  it  is  the 
exclusive  attribute  of  organized  bodies,  and  common  to  all. 
This  property  is  not  only  modified  in  each  organ,  as  the  difilerenoe 
in  their  nutrition  and  functions  demonstrates,  but  it  adapts  each 
organ  to  its  appropriate  external  stimulant,  so  that  the  salivary 
gland  shall  be  specially  influenced  by  mercury;  the  upper  part  of 
the  small  intestine  by  calomel;  the  lower  by  aloes,  &e.  &c.  Its 
exercise  is  continuous,  involuntary,  known  only  by  its  results,  and 
is  more  marked  as  we  descend  in  the  scale  of  animal  life;  whilst 
animal  sensibility  is  the  contrary. 

Secondly.  Insensible  organic  contractility  is  the  (acuity  posses- 
sed by  every  living  part,  of  moving  in  an  imperceptible  manoer,  in 
consequence  of  an  impression  immediately  received,  without  either 
the  mind  having  consciousness  of  the  motion,  the  will  participating, 
or  the  brain  in  any  manner  directing  it.  We  have  an  example  of  this 
in  the  action  of  the  stomach  during  digestion;  and  of  every  part  of 
the  body  on  the  blood  sent  to  it  for  its  nutrition.  Bichat  applied 
the  term  insensible  organic  contractility  to  this  property  for  the 
following  reasons; — contractility^  because  contraction  is  the  kind 
of  motion  which  constitutes  it;  organic^  because  it  is  common 
to  all  living  beings;  and  insensible^  because  the  brain  has  no 
consciousness  of  it  Like  organic  sensibility,  it  is  modified  in 
each  organ.  Its  exercise  is  likewise  continuous  and  involun- 
tary; and  it  also  exhibits  itself  more  intensely  as  we  descend 
in  the  scale  of  beings.  It  always  co-exists  with  organic  sensi- 
bility. 

Thirdly.  Sensible  organic  contractility  is  the  same  motive 
faculty  as  the  last,  with  this  difierence,  that  the  movements  induced 
by  it  fall  under  the  senses,  and  are  recognised  independently  of 
their  results.  This  property  is  likewise  modified  in  each  organ; 
its  exercise  is  also  involuntary,  and  it  only  difiers  from  the  last  in 
degree,— the  movement  that  constitutes  it  being  apparent  Thus, 
the  heart  contracts  independently  of  the  will,  but  its  motions  are 
not  imperceptible,  as  in  the  eases  which  belong  to  the  second  Yitsl 
property  of  insensible  organic  contractility. 

Fourthly.  Animal  sensibility  is  the  property  possessed  by  cer- 
tain organs  of  transmitting  to  the  mind,  through  the  medium  of 
the  brain,  the  consciousness  of  impressions  which  they  have  re- 
ceived. It  is  sensibility  in  the  restricted  acceptation  of  Haixsb. 
The  epithet  animal  was  given  to  it  by  Bichat  to  distinguish  it 
from  the  other  variety  of  sensibility,  which  belongs  to  all  oiga- 
nized  bodies,  whilst  this  is  exclusively  possessed  by  animals.  The 
whole  of  the  attributes  of  this  property  have  been  detailed,  at  much 
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lengthy  in  the  first  volume  of  this  work.  Fifthly.  Bichat  ad** 
mitted  a  fifth  vital  property,  under  the  name  animal  contract 
iiliiyf  which  comprised  voluntary  muscular  contraction ; — treated 
of  elsewhere  as  one  of  the  functions  of  the  body.  It  difiers  from 
organic  contractility,  in  its  exciting  cause  not  being  seated  in  the 
organ  in  which  it  is  developed,  that  is,  in  the  muscle,  but  in  the 
brain;  and,  moreover,  whilst  the  other  varieties  of  contractility, 
are  irresistibly  connected  with,  and  proportioned  to,  the  kind  of 
sensibility  correspondent  to  them,  this  is  not  the  case  with  animal 
sensibility,  and  its  play  is  never  continuous. 

From  the  distinction  we  have  endeavoured  to  draw,  between  the 
fundamental  vital  properties  and  the  functions,  it  will  be  obvious, 
that  the  ingenious  division  of  Bichat  is  susceptible  of  farther  cur* 
tailment  by  analysis. 

A  vital  property  must  be  one  possessed  by  all  living  bodies;  it 
is  fundamental  in  the  tissues,  and  diflfers  according  to  the  preoise 
structure  of  the  tissue.  It  is  found  in  the  vegetable!  as  well  as  in 
the  animal.  Neither  of  the  two  last  properties  of  Bichat,  how* 
ever,  corresponds  with  this  definition.  They  do  not  exist  in  the 
vegetable.  They  require  not  only  a  nervous  system,  but  a  brain 
that  can  conceive  and  will.  They  are  both,  indeed^  complicated 
functions,  and  as  such  have  been  considered  at  great  length,  ebe* 
where.  By  ultimate  analysis,  therefore,  the  five  vital  propertie9 
of  Bichat  may  be  reduced  to  the  two  we  have  previously  meii* 
tioned: — sensibility y  and  motility.  Perhaps  we  ought  to  rest 
satisfied  with  the  admission,  that  every  primary  tissue  is  ca- 
pable of  being  acted  upon  by  appropriate  stimuli^  or  is  sensibk; 
and  that  it  possesses  the  additional  property  of  mamng.  In  ^conse- 
quence of  such  impression.  Physiologists  have,  however,  attempted 
to  simplify  the  subject  still  farther,  and  to  reduce  the  vital  proper* 
ties  to  one  only.  Such  is  the  view  of  Bboussais,  who  considers 
contractility  to  be  the  fundamental  vital  property  of  all  the  tis* 
sues.  We  have  elsewhere  shown,  however,  that  even  in  the  mu»* 
cular  fibre  it  is  by  no  means  clear,  that  positive  cOBtractioB  of 
the  fibres  occurs,  and  that  the  two  extremities  of  a  muscle  are  coQ-* 
ceived,  by  some  late  physiologistA,  to  be  brought  into  approxima- 
tion  by  their  fibres  assuming  a  zigzag  arrangement  In  the  pri^ 
mary  nervous,  and  cellular  tissues,  the  existence  of  such  contraetip 
lity  is  yet  more  doubtful. 

Adxlon,  again^  considers  that  sensibility  is  the  only  living 
property  that  must  be  admitted.  <'  Hitherto,''  he  remarks,  ^  pby^ 
siologists  have  separated  the  susceptibility  of  receiving  the  impres* 
sion  that  excites  the  movement,  from  the  faculty  of  prodveiog  it^ 
and  have  admitted  two  vital  properties  under  the  names  ^en«iM/»ly 
and  motility.  Supposing  an  instant,  however  short,  between 
the  moment  of  impression,  and  that  of  the  motion  which  follows 
it,  they  have  looked  upon  the  act  of  receiving  the  impreisioB  m 
distinct  firom  that  of  moving  in  eonsequence  in  it    But  these  sdis 
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are  really  but  one.  It  is  the  movement  executed  by  a  part,  in  con* 
sequence  of  an  impression,  which  proves  that  the  part  has  been 
sensible  to  such  impression.  Th/eel,  as  CHAUssiEn  and  Bichat 
have  remarked,  is  merely  to  vary  the  mode  of  existence  in  conse* 
quence  of  an  impression.  It  is  merely  moving  in  a  manner  which 
is  neither  physical  nor  chymical.  This  is  evident  where  the  move- 
ments are  occult :  without  the  results  induced  by  these  movements, 
sensibility  would  not  have  been  manifested. '^  For  these  and  other 
reasons  he  concludes,  that  **  the  two  properties,  sensibility  and  mo- 
tility, are  reducible  to  one  only,  which  may  be  called  sensibility, 
if  desired,  but  which  must  carry  with  it  the  idea  of  motion,  and  is 
the  active,  motive  faculty  of  living  matter.''  The  term  sensibility 
is,  however,  unfortunate,  in  consequence  of  its  conveying  the  no- 
tion of  mental  perception,  and  of  such  acceptation  having  been  re- 
ceived into  physiology,  as  designating  a  function.  It  has,  conse- 
quently, been  proposed  to  substitute  the  term  excitability ,  incitch 
bility,  or  irritability ^  but  with  the  same  signification.  RimorPHi 
prefers  incitabilitj/f  (Erregbarkeit,)as  not  liable  to  the  ob- 
jection that  may  be  urged  against  the  others,  of  having  been  em- 
J cloyed  in  other  significations.  This  incitability  differs  in  the  dif- 
erent  organs  and  tissues;  in  the  muscles  it  is  termed  irritahilUyy 
(Muskelkraft,  Reizbarkeit;)  in  the  nerves,  sensibility, 
(Nervenkraft,  Empfindlichkeit;)  and  by  some  physio- 
logists, in  the  membranous  parts  it  is  called  contractility,  (S  p  a  o  n- 
kraft,  Zusammen  ziehungskraft) 

Such  are  the  phenomena  which  indicate  the  existence  of  the  vi- 
tal principle,  and  such  the  laws  by  which  it  seems  to  be  governed. 
By  certain  physiologists,  it  is  considered  to  influence  solids  only; 
by  others,  it  has  been  considered  to  reside  in  the  fluids  also,  and  es- 
pecially in  the  blood.  The  notion  of  the  vitality  of  this  fluid  was 
espoused  by  the  celebrated  John  HuirrEB,  and  to  him  we  are  in- 
debted for  many  of  the  facts  and  arguments,  adduced  in  its  favour, 
and  which  have  impelled  the  generality  of  modern  physiologists  to 
admit  its  existence.  The  analogy  of  the  egg  had  demonstrated 
that  life  is  not  restricted  to  substances  which  are  solid  and  visibly 
organized.  The  fresh  egg,  like  other  living  bodies,  possesses  the 
ordinary  counteracting  powers  communicated  by  vitality,  and  re- 
sists those  agents  which  act  upon  the  dead  egg  as  on  other  animal 
substances  deprived  of  the  living  influence.  The  fresh  egg  may  be 
exposed  for  weeks,  with  impunity,  to  a  degree  of  heat,  which 
would  inevitably  occasion  the  putrefaction  of  the  dead.  During 
the  time  of  incubation,  the  egg  of  the  hen  is  kept  at  a  heat  of  10^ 
for  three  weeks;  yet,  when  the  chick  is  hatched,  the  remaining 
yolk  is  perfectly  sweet. 

The  power  of  resisting  cold  is  equally  great  Hxtntbr  per- 
formed several  experiments,  which  show  the  power  of  the  vital 
principle  in  resisting  cold,  and  the  influence  of  cold  in  dimi- 
nishing the  energy  of  the  vital  principle.    He  exposed  an  egg  to 
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the  temperature  of  17^  and  of  15^  of  Fahrenheit,  and  found  that 
it  took  about  half  an  hour  to  freeze  it  When  thawed,  and  again 
exposed  to  a  cold  atmosphere,  it  was  frozen  in  one-half  the  time, 
when  exposed  to  a  temperature  of  25^.  He  then  put  a  fresh 
egg,  and  one  that  had  previously  been  frozen  and  again  thawed, 
into  a  cold  mixture  at  15^ ;  the  dead  egg  was  frozen  twenty-five 
minutes  sooner  than  the  fresh.  These  experiments  led  to  the  le- 
gitimate inference,  that  the  egg  possessed  the  principle  of  life,  and 
although  fluid,  must  have  enjoyed  the  properties,  which  we  have 
described  as  characteristic  of  vitality;— of  being  acted  upon  by 
an  appropriate  irritant,  and  of  moving  responsive  to  such  irri- 
tation. 

Similar  results  to  those  obtained  with  the  egg  followed  analo- 
gous experiments  with  the  blood.  On  ascertaining  the  degree  of 
cold,  and  the  length  of  time  necessary  to  freeze  blood  taken  imme- 
diately from  the  vessel,  he  found  that,  as  in  the  egg,  a  much  shorter 
period,  and  a  much  less  degree  of  cold,  were  requisite  to  freeze 
blood  that  had  been  previously  frozen  and  thawed,  than  blood  re- 
cently taken  from  the  vessel.  The  inference,  deduced  from  this, 
was,  that  the  vitality  of  recent  blood  being  comparatively  unimpair- 
ed, it  was  enabled  to  resist  the  cold  longer  than  blood,  whose  vital 
energy  had  already  been  partly  exhausted  by  previous  exposure. 

The  fluidity  of  the  blood,  whilst  circulating  in  the  vessels,  has 
been  regarded  as  an  additional  evidence  of  its  vitality.  It  is 
obvious  that  such  fluidity  is  indispensable,  seeing  that  it  has  to 
circulate  through  the  minute  vessels  of  the  capillary  S3r8tem,  and 
that  the  slightest  coagulum,  forming  in  them,  would  lead  to  morbid 
derangements.  Yet  the  blood  is  peculiarly  liable  to  become  solid 
by  its  constitution,  and  whenever  it  is  removed  from  its  vessels, 
coagulates.  This  is  not  owing  simply  to  the  cessation  of  its  circu- 
lation, for  if  it  be  kept  at  the  same  temperature  as  in  the  living 
body,  and  be  made  to  circulate  with  equal  rapidity  through  a  dead 
tube,  it  equally  becomes  solid.  The  cause,  consequently,  that 
maintains  its  fluidity,  is  presumed  to  be  the  vital  agency. 

Another  argument  in  favour  of  the  vitality  of  the  blood  is 
drawn  from  the  facts  connected  with  its  coagulation,— facts, 
which  show,  that  the  process  is  but  little  influenced  by  physi- 
cal agents,  and  which  have  induced  Maoendie  to  infer, — with 
many  other  physiologists,  who  are  but  little  disposed  to  invoke  the 
vital  agency, — ^^  that  the  coagulation  of  the  blood  cannot  be  ascribed 
to  any  physical  influence,  but  that  it  must  be  esteemed  essentially 
vital,  and  as  afibrding  a  demonstrative  proof  that  the  blood  is  en- 
dowed with  life."  ft  has,  indeed,  been  attempted  to  show,  that 
there  are  certain  phenomena  which  demonstrate  that  the  vitality 
of  this  fluid  increases  or  diminishes  with  the  vitality  of  other  parte 
of  the  body.  When  blood  is  drawn  from  a  vessel  it  does  not  in- 
stantly coagulate  or  die;  and,  by  observing  the  length  of  time  con-« 
sumed  in  the  process,  it  has  been  thou^t,  that  we  might  be,  in 
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Bome  meisure,  able  to  eatimaie  the  degree  of  vital  energ7  it  pos- 
aeaaea.  In  diaeaaes,  where  the  vital  action  is  exalted, — as  in  in- 
flammatioD,  the  blood  is  found  to  coagulate  much  more  slowly  than 
in  a  state  of  health,  and  the  coagulation  itself  is  more  perfect, 
whilst  in  diseasea  that  are  dependent  upon  a  diminution  of  the 
vital  energy,  the  opposite  is  the  fact;  because,  in  the  first  case,  it 
is  presumed,  the  blood  possesses  the  vital  principle  in  a  higher  de- 
gree than  natural,  and  consequently  resists,  for  a  longer  period, 
the  influence  of  the  physical  agents  to  which  it  is  exposed;  whilst, 
in  the  second  caae,  it  possesses  the  vital  principle  to  a  less  degree 
than  natural,  and  therefore  yielda  sooner  to  the  influence  of  those 
agents, — the  coagulation,  however,  in  all  instances  being  analogpus 
to  the  rigidity  of  the  muscles  which  takes  place  after  dissolution, 
and  indicates  the  final  cessation  of  vitality. 

The  buffy  coat  or  inflammatory  crust  of  the  blood,  called, 
also,  corium  phlogUticumy  and  crusta  pleureiica,  is  a  circum- 
stance connected  with  the  blood's  life,  which  has  been  invoked  by 
the  supporters  of  this  view  of  the  subject  The  terms  are  applied 
to  an  appearance  of  the  crassamentum,  which  is  owing  to  its  upper 
portion  containing  no  red  particles,  but  exhibiting  a  layer  of  a  buff- 
coloured  coriac^us  substance  lying  at  the  top,  owing  to  the  red 
particles,  during  coagulation,  sinking  to  the  lower  portion  of 
the  clot,  before  coagulation  is  completed;  hence  the  colourless 
state  of  the  upper  surface.  At  the  same  time,  the  whole  of  the 
coagulated  portion  is  much  firmer  than  usual.  The  red  particles, 
in  such  case,  have  time  to  subside  before  the  coagulation  is  com- 
plete, which  takes  place  more  slowly  than  in  health;  and  this  is 
conceived  to  be  owing  to  the  blood's  possessing  a  higher  degree  of 
vitality, — a  view  which  is  confirmed  by  some  experiments  of  Mr. 
Thaokrah.  These  consisted  in  receiving  blood,  taken  from  the 
vessels  of  a  living  animal,  in  a  full  and  uninterrupted  stream,  into 
different  cups,  and  noting  the  time  at  which  coagulation  commenced 
in  each.  Blood,  for  example,  was  taken  from  a  horse  at  four  pe- 
riods, about  a  minute  and  a  half  being  allowed  to  intervene  between 
the  filling  of  each  cup.  In  the  first  cup,  coagulation  began  in  eleven 
minutes  and  ten  seconds;  in  the  second  cup,  in  ten  minutes  and 
four  seconds;  in  the  third  cup,  in  nine  minutes  and  thirty-five  se- 
conds; and  in  the  fourth  cup,  in  three  minutes  and  twenty  seconds. 
In  another  experiment,  bloMod  was  drawn  into  three  separate  cups, 
from  the  veins  of  a  slaughtered  ox,  the  first  of  which  was  filled  in 
the  first  flow;  the  second  about  three  minutes  afterwards;  and  the 
third  a  abort  time  before  the  death  of  the  animal.  Coagulation 
commenced  in  the  first  cup  in  two  minutes  and  thirty  seconds;  in 
the  second,  in  one  minute  and  thirty-five  seconds;  and  in  the  third, 
in  one  minute  and  ten  seconds.  In  a  similar  experiment,  ooagult- 
tion  commenced,  in  the  first  cup,  in  two  minutes  and  ten  seconds; 
in  the  second,  in  one  minute  and  forty-five  seconds;  and  is  the 
third,  in  thirty-five  seconds. 
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Similar  phenomena  are  found  to  occur  in  the  human  subject 
Blood,  to  the  amount  of  about  a  pint  and  a  half,  was  taken  from 
the  arm  of  a  female  labouring  under  fever.  A  portion  of  this,  re- 
ceived into  a  cup  on  its  first  eflfusion,  remained  fluid  seven  mi- 
nutes; a  similar  quantity,  taken  immediately  before  tying  up  the 
arm,  was  coagulated  in  three  minutes  and  thirty  seconds.  Of 
blood,  taken  as  in  the  last  experiment,  from  the  arm  of  a  man,  the 
first  portion  began  to  coagulate  in  seven  minutes;  the  last  in  four. 
The  vitality  of  the  system,  and  with  it  the  vitality  of  the  blood, 
being  diminished  by  each  successive  abstraction  of  that  fluid,  it 
coagulated  or  died  sooner  and  sooner  in  proportion  as  it  was  pre- 
viously more  and  more  enfeebled. 

It  is  obvious,  however,  that  if  these  and  other  arguments  lead  to 
a  belief  in  the  vitality  of  the  blood,  they  are  equally  favourable,— 
many  of  them  at  least, — to  the  life  of  the  chyle;  which,  we  have 
seen,  accurately  resembles  the  blood  in  every  property,  except  in 
that  of  coloration;  and  if  we  admit  the  blood  to  be  possessed  of 
life,  a  question  arises,  respecting  the  part  at  which  the  nutritive 
substances,  taken  into  the  system,  become  converted  into  the  nature 
of  the  being  they  are  destined  to  nourish,  and  receive  the  principle 
of  life.  This  must  be  either  through  the  admixture  of  the  fluids 
poured  out  from  the  supra-diaphragmatic  portions  of  the  alimentary 
canal,  from  those  of  the  stomach  or  small  intestine,  or  owing  to 
the  mysterious  and  inappreciable  action  exerted  by  the  chyliferous 
radicles  themselves,  which  separate  the  same  fluid,  chyle,  from 
every  substance  that  may  be  submitted  to  their  action. 

These  are  the  only  fluids  that  have  been  suspected  to  be  endow- 
ed with  vitality.  None  of  the  others  exhibit  analogous  phenomena, 
when  exposed  to  similar  agencies. 

On  the  whole,  we  are  led  to  the  conclusion,  that,  the  vital  prin- 
ciple animates  both  solids  and  fluids,  but  all  that  we  seem  to  know 
regarding  it  is — in  the  language  of  Dr.  Barclat,  ^Uhat  all  the 
organisms  of  animals  and  plants  are  formed  out  of  fluids,  and  that 
in  a  certain  species  of  fluid,  secreted  from  the  parent,  and  after- 
wards inclosed  in  a  very  thin  and  transparent  vesicle,  there  is  a 
livinr  organizing  principle,  which  also  acts  upon  the  fluid  in  a  way 
which  we  know  not,  forming  out  of  it  a  regularly  organized  sys- 
tem of  solids,  and  forming  not  only  the  rudiments  of  that  system^ 
but  causing  it  afterwards  to  be  nourished,  and  to  grow  through  the 
medium  of  fluids,  which  are  moved  and  distributed  under  Uie  in- 
fluence of  this  organizing  animating  principle.'' 

Our  knowledge  being  limited  to  this  category,  we  are  compelled 
to  study  life  in  its  results  or  manifestations.  These,as  we  have  seen^ 
constitute  the  science  of  biology  or  physiology. 
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OF  DEATH, 

It  has  wisely  entered  into  the  views  of  Providence,  that  the 
existence  of  all  organized  bodies  should  be  temporaiy.  Yet  we 
find  considerable  difierence  amongst  them,  in  this  respect  Whilst 
some  of  the  lower  classes  of  animals  and  vegetables  are  no  soooer 
ushered  into  being  than  a  process  of  decay  appears  to  commence; 
others  require  the  lapse  of  ages  for  their  various  developments  and 
declensions;  and,  as  a  general  principle,  those,  in  which  the  attain- 
ment of  growth  has  been  slow,  have  the  period  of  decrease  pro- 
portionably  protracted;  whilst,  where  maturity  has  been  rapidly 
attained,  decay  as  rapidly  supervenes. 

The  ages  of  man,  we  have  seen,  are  numerous  and  protracted. 
For  a  time,  the  parts  of  the  frame,  that  are  concerned  in  his  deve- 
lopment, unceasingly  deposite  the  necessary  particles  by  a  process 
as  beautiful  and  as  systematic,  as  it  is  mysterious,  until  ultimately 
the  growth,  peculiar  to  the  species  and  the  individual,  is  attained. 
At  Uiis  point,  the  preponderance,  which  previously  existed  in  the 
action  of  the  exhalants  over  the  absorbents,  appears  to  cease.  All 
is  equality;  but  ere  long,  the  exhalants  fall  oflf  in  their  wonted 
activity;  the  fluids  decrease  in  quantity;  the  solids  become  more 
rigid;  and  all  those  changes  supervene  that  we  have  described 
as  characterizing  the  decline  of  life,  and  the  approach  of  that  phe- 
nomenon which  has  now  to  be  considered. 

Death  is  the  necessary,  total,  and  permanent  cessation  of  those 
functions,  by  which  the  presence  of  life  is  characterized.  This 
cessation  may  happen  at  all  ages,  from  accident  or  disease  a  few 
only  ceasing  gradually  to  live  by  the  efleots  of  ase  alone.  Hence 
a  distinction  has  been  made  into  that  kind  of  death,  which  is 
produced  by  the  gradual  wear  and  tear  of  the  organs,  and  that 
which  cuts  oflf  the  being  prematurely  from  existence.  The  former 
has  been  termed,  by  some  physiologists,  senile  or  ncUureU,  the 
latter  accidental.  These  diflTer  considerably  in  their  physiology; 
and  will,  therefore,  require  a  distinct  consideration. 

1.  Death  from  old  age.  The  natural  period  qf  life  is  different 
in  different  individuals.  It  varies  according  to  numerous  appreci- 
able and  inappreciable  circumstances; — the  original  constitution  of 
the  individual;  the  habits  of  life;  the  locality  in  which  he  maybe 
situated,  &c  Whilst  some  countries  are  remarkable  for  their  lon- 
gevity, others  surprise  us  by  the  short  period  that  is  allotted  for 
the  natural  duration  of  life. 

Blxtmxkbach  asserts,  that  by  an  accurate  examination  of  numer- 
ous bills  of  mortal!^,  he  has  ascertained  the  fact,  that  a  considera- 
ble proportion  of  Europeans  reach  their  84th  year,  but  that  few 
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exceed  it;  whilst,  aceordiDg  to  FoDSRi,  in  the  insalubiious  region 
of  Brenne,  in  France,  nature  begins  to  retrograde,  at  from  20  to 
SO;  and  50  years  is  the  usual  term  of  existence. 

Haller  noted  one  thousand  cases  of  centenarians;  sixty-two  of 
from  110  to  120  years;  twenty-nine  of  from  120  to  130;  and  fifteen 
who  had  attained  from  130  to  140  years.  Beyond  this  advanced 
age,  examples  of  longevity  are  much  more  rare  and  less  sufficiently 
attested;  yet  we  have  some  well  authenticated  cases  of  the  kind. 
Thomas  Parr  was  born  in  1635;  married  when  at  the  age  of  120; 
retained  his  vigour  till  140;  and  died  at  the  age  of  152,  from  plethora 
—it  was  supposed — induced  by  change  of  diet  Harvet  dissected 
him  and  found  no  appearance  of  decay  in  any  organ.  Hbnrt  Jen- 
kins, who  died  in  Yorkshire,  in  1670,  is  an  authentic  instance  of 
the  greatest  longevity  on  record.     He  lived  169  years. 

It  would  not  seem,  that  the  natural  period  of  life  has  diflfered 
much  in  postdiluvian  periods.     The  Psalmist  writes: — 

**  The  days  of  our  years  are  threescore  and  ten;  and  if  by  rea- 
son of  strength  they  be  fourscore  years,  yet  is  their  strength  labour 
and  sorrow,  for  it  is  soon  cut  off,  and  we  fly  away.''  And  when 
Barzillai  excused  himself  for  not  visiting  the  royal  palace  at 
Jerusalem,  he  observed  to  the  king: — 

<<  I  am  this  day  fourscore  years  old,  and  can  I  discern  between 
good  and  evil?  can  thy  servant  taste  what  I  eat  or  what  I  drink? 
can  I  hear  any  more  the  voice  of  singing  men  or  singing  women? 
wherefore,  then,  should  thy  servant  be  yet  a  burden  unto  my  lord 
the  king?*' 

It  is  not  easy  to  indicate  the  character  of  organization  which  is 
most  conducive  to  longevity  and  to  health.  It  has  been  supposed, 
however,  and  with  some  probability,  that  the  state  of  the  nervous 
system  is  greatly  concerned ;  for  the  patholosist  looks  to  this  part 
of  the  frame  as  the  commencement  of  many  fiital  maladies. 

Grenerally,  the  aged  individual  sinks  silently  to  death,  in  the 
manner  we  have  described  under  decrepitude,  totally  unconscious 
of  all  that  surrounds  him.  At  other  times,  however,  he  preserves 
his  sensorial  powers  to  the  last,  and  may  be  capable  of  locomotion; 
until,  owing  to  some  oppression  of  one  or  other  of  the  vital  func- 
tions during  sleep,  it  becomes  the  sleep  of  death ; — the  elasticity 
of  the  organs  being  insufficient  to  throw  off  the  oppression  and  re- 
sume their  functions.  At  other  times,  a  slight  febrile  irritation 
will  be  the  prelude  to  dissolution.  The  great  characteristic  of  this 
kind  of  death — as  pointed  out  by  Bichat  in  one  of  the  best  of  his 
excellent  productions* — is,  that  animal  life  terminates  long  before 
organic  life.  Death  takes  place  in  detail; — the  animal  functions, 
which  connect  the  aged  with  the  objects  around  him  being  anni- 
hilated, long  before  those  that  are  concerned  in  his  nutrition. 
Death,  in  oUier  words,  takes  place  from  the  circumference  towards 
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the  centre,  whilst,  in  accidental  or  premature  death,  the  innilult- 
tion  of  the  functions  begins  in  the  centre  and  extends  to  the 
circumference.  As  vitality  gradually  recedes,  in  the  aged,  fren 
the  exterior,  one  of  the  great  centres  of  vitality — ^brain,  heart 
or  lungs — stops  for  an  instant  The  powers  are  insufficicDt  to  re- 
store the  action,  and  total  death  necessarily  ensues. 

It  has  been  an  interesting  inquiry  with  physiologists  to  dete^ 
mine  the  cause  of  death,  thus  naturally  occurring.  The  opiDJou 
have  been  various,  but  such  causes  as  aflfect  the  three  great  fital 
functions  seem  to  be  most  entitled  to  consideration.  These 
have  been  supposed  to  be,  Firsts  ossification  of  the  arteries,  oeo- 
sioning  an  obstacle  to  the  free  circulation  of  blood  in  the  parts; 
Secondly y  ossification  of  the  cartilages  of  the  ribs,  and  diminotioQ 
of  the  capillary  system  of  the  lungs,  preventing  sanguificatioo; 
and  Thirdlj/j  shrivelling  and  gradual  induration  of  the  nervous 
system,  ultimately  rendering  it  unfit  for  innervation,  &c  These 
are  the  physical  circumstances  or  changes,  which  nwy  give  occa- 
sion to  the  final  cessation  of  the  vital  phenomena,  but,  after  ill)  the 
difficulty  remains, — and  one  that  is  insolvable, — ^to  explain  the  cause 
why  these  changes  themselves  occur  in  the  organs  essential  ton- 
tality.  We  say  it  is  insolvable,  for  mitil  we  have  learned  the  na- 
ture of  life,  which  seems  far  beyond  our  comprehension  in  the 
present  state  of  our  knowledge,  it  is  obviously  impracticable  to  o^ 
derstand  the  phenomena  that  arise  from  its  gradual  declension  and 
final  extinction. 

It  is  not  common,  however,  for  death  to  occur  in  thisquictand 
gradual  manner.  Man  is  liable  to  numerous  diseases,  from  the 
earliest  to  the  latest  period  of  existence,  many  of  which  are  of  ao 
extremely  fatal  character.  It  was  admitted  by  StdenhaV)  whose 
estimate  cannot  be  regarded  as  more  than  an  approximation,  that 
two-thirds  of  mankind  die  of  acute  diseases ;  and  that  of  the  re- 
maining one-third,  two-thirds,  or  two-ninths  of  the  whole,  die  oi 
consumption,  leaving,  consequently,  only  one-ninth  to  perish  froio 
other  chronic  maladies,  and  from  pure  old  age.  How  small)  tb^ 
must  be  the  number  of  those  that  expire  from  decrepitude  limp^y* 

2.  Accidental  flfeo/A.— This  term  has  been  used,  by  ^^^Irf 
siologists,  to  include  all  kinds  of  death  that  befal  mankind  m  tbe 
course  of  their  career,  and  before  the  natural  term ;  the  caasecoo* 
sisting  in  the  supervention  of  some  accidental,  organic  le^ 
which  arrests  the  vital  movements  before  they  would  ^^ 
themselves.  This  kind  of  death  differs  essenUally  from  that^ 
have  been  considering.  The  individual  is  here,  p€J**P^  .*"  i^ 
full  possession  of  all  his  faculties;  his  organs  have  been,  previ^^^ 
to  all  appearance,  in  the  most  favourable  condition  for  the  p^ 
longation  of  vitality,  and  his  death,  instead  of  being  "^^.^^'^y 
unperceived  in  its  approaches  by  the  individual  himself;  i«  ^^^ 
forced  and  violent  ^.^ 

Every  species  of  sudden  death  commences  by  the  interror 
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of  the  circulatioDy  respiratioD,  or  the.ACtioii  of  the  eDeephaloo. 
One  of  these  three  functions  first  ceases^  and  the  others  die  in  suc- 
cession.    Each  will  demand  a  few  remarhs^r. 

!•  Death  beginning  in  the  heart. — ^When,— owing  to  fatal  syn- 
cope,  to  wounds  of  the  heart  or  great  vessels^  or  to  the  rupture  of 
an  aneurism, — the  heart  is  struck  with  death,  the  cessation  of  the 
functions  is  speedy.  Sensation  and  motion  are  lost ;  respiration  is 
arrested,  and  death  occurs, — if  the  cause  of  the  cessation  of  the 
heart's  action  be  suddenly  and  sufficiently  ^afiplied, — almost  in- 
atantaneously.  The  order,  in  which  death  takes  place  in  the  dif- 
ferent organs,  is  as  follows.  The  heart  failing  tO'propel  its  blood, 
the  brain  no  longer  receives  the  necessary  impulse  for  the  conti- 
nuance  of  its  functions;  .it  therefore  ceases  to  act ;  the  consequence 
of  this  is  the  death  of  all  those  organs  that  receiye  their  nervous 
influx  from  it;  all  voluntary  motion  is  annihilated,  as  well  as  the 
action  of  the  respiratory  muscles.  The  mechanical  phenomena  of 
respiration  are,  therefore,  arrested ;  and  air  is  no  longer  received 
into  the  chest  From  this  cause,  then,  the  chymical  phenomena 
of  respiration  would  cease,  were  they  not  previously  rendered  un- 
necessary  by  the  cessation  of  the  heart's  action.  The  phenomena 
of  nutrition  and  calorification, — the  functions  of  the  capillaries,^-* 
yield  last 

2.  Death  beginning  in  the  brain. — In  this  case,  owing  to  die 
loss  of  innervation, — as  in  severe  injury  done  to  the  head,  or  in 
the  worst  cases  of  apoplexy, — the  sensorial  functions  first  cease, 
and  the  individual  lies  deprived  of  all  sensation,  volition,  and  men- 
tal or  moral  manifestation.  Respiration  becomes  progressiyely 
more  irregular  and  laborious,  and  ultimately  ends.  The  order  of 
death  is  here  as  follows: — the  interruption  of  the  brain's  action  de- 
stroys that  of  the  voluntary  and  mixed  muscles ;  the  mechanical 
phenomena  of  respiration  therefore  cease,  and  then  the  chymical. 
This  is  followed  by  cessation  of  the  heart's  action,  owing  to  the 
united  loss  of  nervous  influx  from  the  brain, — and  to  the  blood 
being  no  longer  aerated  in  the  lungs,  but  returned  to  it  in  a  con- 
dition not  adapted  for  the  maintenance  of  its  contractility.  To  the 
cessation  of  the  heart's  action  succeeds  the  loss  of  the  general 
circulation ;  and  lastly,  that  of  the  functions  of  nutrition. 

3.  Death  beginning  in  the  /ut^^.— The  action  of  the  lungs 
may  be  destroyed  in  two  ways :  either  the  mechanical  phenomena 
of  respiration  may  first  cease,  as  in  hanging,  strangulation,  &c., 
where  the  air  is  prevented  from  reaching  the  lungs;  or  the  cbymi* 
cal  phenomena  may.  be  first  arrested,  as  where  air  is  breathed, 
which  does  not  contain  oxygen,  but  yet  can  be  respired  for  a 
time. 

In  the  £rst  case,  the  order  of  death  is  as  follows : — ^the  mechani- 
cal phenomena  cease;  to  this  succeeds  cessation  of  the  chymical 
phenomena^  owing  to  the  supply  of  air  being  cut  ofi*;  the  blood  is 
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wm  ratoraad  to  the  hcutwiOoot  being  aenfted,  and  therefore  im- 
iit  for  sopportiDg  thflt  emit  in  ectioiL  It  continues  to  beat,  how- 
ever,  for  a  time ;  black  bloed  is  coDaeqoently  sent  to  the  braia  and 
to  eveiy  organ ;  the  brain  dies,  and  the  other  parts  in  succession. 
Where  the  objrniieal  phenomena  first  cease,  the  suspension  of  the 
action  of  the  brain  follows  for  the  cause  already  aseigned;  and  the 
mechanical  phenomena  of  respiration  are  not  arrested,  untO  the 
nervous  influx  is  cut  off  by  the  death  of  that  organ. 

The  immediate  pimiomenm  of  death  and  the  order  of  their  soe- 
cession  are  easily  understood,  where  one  of  the  great  centres  of  ti- 
taltty  is  suddenly  destroyed,  either  from  accident  or  disease,  bi^ 
where  death  does  not  foUow  immediately,  and  time  is  allowed  for 
a  series  of  morbid  phenomena  to  be  established,  the  problem  be- 
comes much  more  complicated.  Some  organ  or  structure  is  first 
deraaged ;  and,  owing  to  the  intimate  connexion,  which  we  have 
elsewhere  seen  to  exist  between  the  rarioos  fuuctions,  general  de- 
rangement or  irritation  follows,  and  the  individual  dies,  worn  cot 
by  such  irritation,  but  without  our  being  exactly  able  to  ander> 
stand  on  which  of  the  great  centres  that  dispense  vitality,  the  ma* 
lign  influence  has  been  exerted,  or  whether  it  may  not  have 
affected  all  equally.  ' 

In  inflammation  of  the  brain,  heart,  or  lungs,  we  may  presume, 
that  the  functions  of  these  organs  have  been  respectively  an- 
nihilated by  the  diseased  action ;  and  that  as  such  functions  mw^ 
essential  to  the  existence  of  vitality,  death  may  arise  in  the  manner 
we  have  already  described ;  but  we  frequently  find  the  bowels 
affected  with  inflammation,  or  the  peritoneum  lining  the  intert€»r 
of  the  abdomen ;  and  the  case,  if  neglected,  is  aa  surely  attended 
with  fatal  consequences  as  the  same  morbid  affection  of  the  organs 
termed  vital;  and  this  in  a  apace  of  time  so  short,  as  not  to  enaUe 
us  to  understand  the  nature  of  the  mode  of  action  of  the  lethiferous 
acent  But  that  it  must  exert  its  influence  on  one  or  more 
of  the  great  centres  of  vitality  is  manifest  Perhaps  in  evoy 
case,  the  heart  yields  first,  not  suddenly  but  gradually;  the  brain 
fiilling  to  receive  its  due  impulse,  becomes  progressively  unfit  for 
transmitting  the  nervous  influence  to  the  muscles;  insensibihty 
gradually  supervenes,  until  it  has  attained  such  an  extent,  that  no 
nervous  influence  is  sent  to  the  respiratory  muscles,  when  cessa- 
tion of  their  action  naturally  ensues.  Of  the  nature,  however,  of 
the  morbid  condition  of  the  heart,  thus  induced  by  disease,  we  are 
totally  ignorant  It  is  fashionable  to  say,  that  death  is  produced 
by  irritation,  but  this  is  merely  concealing  our  deficiency  of  know- 
ledge under  a  term,  the  explanation  of  the  agency  of  which  com- 
prises the  whole  difficulty.  Adelon  thinks,  that  the  brain  gene- 
rally gives  way  first  in  these  cases ;  in  consequence  of  which  the 
respiration  is  disturbed,  the  lung  becomes  engorged,  the  respiia- 
tion  difficult,  and  death  occurs  as  in  a  case  of  gradual  asphyxia. 


There  is  somatfaing  extnindy  obM^ure  in  Cfceae  C0M9.  The  aothor 
has  recently  left  the  bedside  of  t  deceased  A'iend,  fifty-otie  years 
of  age,  where  the  ioteUeetual  mamlestatiotis  atid  the  nervous  dis« 
trtbotion  to  the  musoles  of  roluntary  motion  were  executed,  even 
vigorously,  until  a  short  time  prior  to  dissolution*  For  several 
days  previously,  the  heart  had  acted  feebly,  irrsgularly,  and  inter- 
mittingly ;  and  the  chest  had  heaved  laboriously,  yet  without  the 
ezislenoe  of  pain  or  the  usual  signs  of  inflammation,  although  such 
had  been  previously  present  In  this  case,  the  first  source  of  mis- 
chief  was  seated,  probably,  in  the  respiratory  organs,  and  the  difl- 
euity  of  transmitting  the  blood  thr ooch  them  occasioned  the  failure 
of  the  powers  of  the  heart  Finally,  its  action  ceased  first,  and  the 
other  functions  failed  in  due  succession. 

These  remarks  are  chiefly  applicable  to  death,  as  k  arises  from 
the  numerous  acute  afiections,  which  are  so  fatal  to  mankind ;  but 
it  may  occur  also  from  those,  that  persist  for  a  great  length  of  time, 
and  destroy  after  months  or  years  of  morbid  irritation,  as  in  easea 
of  calculi  of  the  bladder,  enlargements  of  the  viscera,  Alc.  tn  these 
cases,  also,  death  must  result  ultimately  from  destruction  of  one 
or  other  of  the  vital  {uootion8,^-^respiration,  circulation  or  inner- 
vation ;  but  in  a  manner  so  gradual,  that  it  takas  place  nearly  in 
the  same  manner  as  in  old  age ;  except  that,  in  all  cases,  it  pro^ 
ceeds  from  the  centre  to  the  circumference;  the  great  intemd 
functions  first  ceasing,  and  afterwards  their  dependenoieSy-^  dif*- 
ferenoe,  which  explains  why  we  are  juatlfied  in  attempting  mean^ 
of  resuscitation  in  sudden  death,  whilst  it  would  be  the  teight  t>f 
absurdity  to  have  recourse  to  them  where, 

''like  a  olook  worn  out  with  6atin|^  time^ 
The  wheels  of  weary  life  at  last  sUnd  stiU." 

The  renovation  could  only  be  effected  by  the  substitution  of  new, 
for  the  worn  out,  machinery. 

For  some  time  before  dissolution,  both  in  death  from  old  ag6 
and  from  disease,  the  indications  of  the  fatal  event  become  more 
and  more  evident  The  speech  grows  embarrassed,  the  ideas  are 
incoherent,  the  hands,  if  raised  by  the  effort  of  the  will,  fall  inertly 
into  their  former  position,  the  laboured  respiration  occasions  in- 
suflScient  oxygenation  of  the  blood,  and  the  distress  excites  an  at- 
tempt at  respiration  which  the  debility  renders  nearly  ineffectual; 
distressing  yawnings  and  gaspings  occur  to  remedy  the  defective 
pulmonsry  action,  and  the  whole  respiratory  system  is  in  forcible 
and  agitated  motion ;  the  teeth  at  times  gnashing,  and  convulsive 
contractions  occurring  at  the  comer  of  the  mouth.  The  heart  be- 
comes gradually  unable  to  propel  the  blood  with  the  necessary 
force  into  the  arteries,  so  that  it  ceases  to  reach  the  extremities  of 
the  body,-— as  the  hands,  feet,  nose  and  ears, — which  grow  cold,  and 
a  eold  clammy  moisture  oozes  from  the  vessels.    In  experiments 
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on  animalfy  tbe  blood  is  found  to  be  driyen  no  farther  than  to  tlie 
fioet;  then  to  the  groin;  tfterwards,  it  reaches  only  to  the  kidneys, 
and  a  kind  of  reflux  occurs  through  the  space  along  which  it  had 
previously  been  urged  forwards.  The  flux  and  reflux  now  reach 
no  farther  than  the  diaphragm,  and  gradually  retreat,  until  the 
blood  flows  back  upon  the  heart  itself,  which  now  stops  for  a  time, 
and  then  makes  an  efibrt  to  free  itself  from  the  contained  fluid. 
The  heart's  action  and  respiration  are  imperfectly  performed  for  a 
few  times  at  irregular  intervals,  till  at  length  the  contractility  of 
the  organ  is  entirely  gone.  Respiration  ceases  by  a  strong  expul- 
aion  of  air  from  the  chest,*— often  accompanied  with  a  sigh  or  a 
groan,  and  probably  arising,  partly  from  the  relaxation  of  the  in- 
spiratory muscles,  and  still  more  from  the  elasticity  of  the  carti- 
lages of  the  fibs.  Hence  it  is  that,  in  common  language,  to  expire 
is  synonymous  with  to  die» 

In  cases  of  sudden  death,  the  heart  will  continue  to  beat  for  some 
time  after  innervation  and  respiration  have  entirely  ceaaed.  Un< 
der  such  circumatances  the  left  ventricle  dies  first,  the  obstructioB 
to  respiration  cutting  00"  its  supply  of  blood. 

For  some  time  immediately  preceding  dissolution,  there  is 
usually  a  peculiar  mixed  expression  of  countenance, — a  compound 
of  apparent  mental  and  corporeal  sufiering,-^which  has  given  oc- 
camon  to  its  being  called  the  agony.  It  is  characterized  by  facial 
indications,  which  were  first  well  described  by  Hippocratks,  and 
fix>m  him  called  Facie»  Hippocraiica.  The  nose  is  pinched,  the 
eyes  are  sunken,  the  temples  hollow,  the  ears  cold  and  retracted, 
the  skin  of  the  forehead  tense,  the  lips  pendent,  relaxed  and  cold, 
fcc.  The  eye,  during  this  condition,  especially  when  dissolution 
approaches,  is  fixed  and  slightly  elevated,  being  kept  in  that  posi- 
tion, according  to  Sir  Chabxes  Bell,  by  the  power  of  the  brain 
over  the  voluntary  muscles  of  the  eye  being  lost,  and  the  organ 
being  given  up  to  the  action  of  the  oblique  or  involuntary  mus- 
cles. In  this  view,  the  state  is  one  of  insensibility,  not  of  suf- 
fering. 

Although,  from  the  moment  that  respiration  and  circulation 
permanently  cease,  the  body  may  be  regarded  as  unquestionably 
dead,  vital  properties  yet  remain  in  some  of  the  organs,  the  pre- 
sence of  which  is  an  evidence  that  vitality  has  previously  and  re- 
cently existed.  The  functions,  which  persist  after  the  animal  has 
become  dead  to  surrounding  objects,  are  those  that  belong  to  the 
organic  class.  Animal  heat,  for  example,  may  still  be  elicited  for 
a  time,  in  the  internal  organs  more  especially,  and  it  may  require 
several  hours,  in  death  caused  suddenly  or  speedily,  by  accident 
or  disease,  before  the  whole  body  is  cold.  Absorption  is,  also,  said 
to  have  occurred  after  death,  and  the  beard  and  hair  to  have  grown; 
it  is  more  probable,  however,  that,  in  the  last  cases,  the  apparent 
elongation  may  have  been  owing  to  the  shrinking  of  the  intega* 
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ments*  The  reetam  is  rery  freqoentlj  evacuated  after  dissolutian; 
and  cases  have  oceuired  where  a  child  has  been  born  by  the  contrac- 
tion of  the  uterus  after  the  death  of  the  mother.  The  most  sensible 
evidence^  however^  of  the  continuance  of  a  vital  property  after  dis- 
solutioDy  is  in  the  case  of  the  muscles,  which,  as  we  have  mention- 
ed in  another  place,  can  be  made  to  contract  powerfully  on  the 
application  of  an  appropriate  stimulus,  even  for  an  hour  or  two 
afier  death.  The  case,  cited  from  Dr.  Ure,  under  muscular  mo* 
tioHj  is  full  of  interest  in  this  and  other  respects.  Nvstbn,  from 
his  experimeats,  inferred,  that  the  parts  cease  to  contract  in  the 
following  order: — the  left  ventricle,  the  large  intestine,  the  small 
intestine,  the  stomach,  the  bladder,  the  right  ventricle,  the  (Bsopha- 
gus,  the  iris,  the  different  voluntary  muscles,  and  lastly,  the  auri- 
cles, particularly  the  right  auricle. 

The  body  cools  gradually  at  the  surface  and  especially  towards 
the  extremities,  with  a  rapidity  proportionate  to  the  privation  of 
iuida,  and  the  coldness  of  the  atmosphere.  Whilst  refrigeration 
is  going  on,  the  blood  remains  more  or  less  fluid;  and,  owing  to  the 
arteries  emptying  themselves,  by  virtue  of  their  elasticity,  of  their 
contained  blood,  the  fluid  generally  accumulates  in  the  vens  cavse, 
the  auricles  of  the  heart,  and  the  vessels  of  the  lunss.  By  virtue 
of  its  gravity,  it  collects  also  in  the  most  depending  parts,  occa- 
sioning sugillations  or  livid  marks,  which  might  be  mistaken  for 
bruises  inflicted  during  life;  bnt  may  be  distinguished  from  them 
by  attention.  It  will  be  readily  understood,  that  the  situation  of 
the  blood  in  the  vessels  may  difi*er  somewhat  according  to  the 
vital  organ  which  first  ceases  its  functions.  If  the  action  of  the 
heart  stops,  the  lung  is  empty;  if  the  lung  or  heart  ceases,  the  lung 
and  the  right  side  of  the  heart — with  the  vessels  communicating 
with  it — are  surcharged  with  blood,  whilst  the  organs  of  the  cor- 
poreal circulation  are  almost  empty. 

During  the  progress  of  refrigeration,  and  especially  soon  after 
death,  the  muscles  are  soft  and  relaxed,  so  that  the  limbs  fall 
into  that  position  to  which  the  force  of  gravity  would  bring 
them;  the  eyes  are  half  open;  the  lips  and  lower  jaw  pendent, 
and  the  pupil  dilated.  When  the  body,  however,  is  cold,  the 
blood  is  coagulated,  and  white  or  yellowish  coagula  exist,  es- 
pecially in  the  cavities  of  the  heart,  which  were  at  one  time 
supposed  to  be  morbid  formations,  and  termed  polypi.  They 
take  the  shape,  more  or  less,  of  the  cavity  in  which  they  are  found. 
Lastly,  the  muscles  become  firmly  contracted,  so  that  no  part  can 
now  be  moved,  without  the  application  of  considerable  force;  and, 
in  this  state,  they  continue  until  the  natural  progress  towards  pu- 
trefaction again  softens  their  fibres.  This  has  been  regarded  by 
Ehysiologists  as  arising,  like  the  coagulation  of  the  blood,  from  the 
LSt  exertion  of  that  residue  of  vital  power  which  the  body  retains 
after  the  period  of  apparent  dissolution.    With  more  propriety, 
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periitpBy  it  amy  h%  tangntd  io  physieil  dieritioiit  takiAg  fA$ce  in 
the  wfjBMf  owing  to  the  totil  loot  of  tkoM  powers^  which  were 
previously  anUgoDisU  to  Mich  changes. 

It  might  seem  from  the  preYious  eoumention  of  the  tigiw  of 
deathi  that  no  difficulty  could  possibly  arise  in  discriiDinatiDg  be- 
tween a  living  and  a  dead  body.  Cases  have,  however,  ocoarred, 
where  such  difficulty  has  been  great  and  perplexing.  Many  of  the 
signs  may  exist,  and  yet  the  person  be  merely  in  a  state  of  sos- 
pended  animation;  aad  in  certain  instances  it  has  even  been  eon- 
sidered  advisable  to  wait  for  the  manifestations  of  the  potreftedve 
process,  before  the  body  should  be  consigned  to  the  grave.  The  toi^ 
lowing  case,  given  by  Dr.  Gk)Bi>oif  Sbcith,  strongly  exhibits  the 
embamssment  that  may  occasionally  arise.  A  stout  youog  man 
had  been  subject  to  epilepsy,  which  became  combined  with  mad- 
ness. On  this  account  it  was  necessary  to  remove  htm  to  a  private 
asylum  in  the  neighbourhood  of  London,  where  he  died  saddeoly, 
in  a  violent  epileptic  paroxysm.  The  body  was  removed  to  the 
residence  of  his  friends,  soon  after  death,  when  the  necessary  pre- 
parations for  interment  were  made.  On  paying  attention  to  Che 
corpse  it  was  found,  that  the  limbs  were  quite  pliable;  that  tiie  eye 
was  neither  collapsed  nor  glazed;  and  that  the  whole  features  re- 
tained their  full  natural  appearance  as  during  life.  A  surgeon,  who 
for  years  had  been  in  the  habit  of  attending  him,  was  sent  for; 
and  although  he  could  find  no  indications  of  vitality,  he  pnideotly 
recommended  that  the  interment  should  not  take  place  ootil  de- 
composition had  began  to  manifest  itself.  In  the  course  of  two 
or  three  days,  appearances  still  continuing  the  same,  a  i^ysioan 
was  called  in,  who  concurred  in  the  recommendation  that  had  been 
already  given.  Fifteen  days  from  the  supposed  time  of  his  dealk 
had  elapsed,  when  Dr.  SjfrrH's  informant  had  an  opportunity  ef 
inspecting  the  body.  At  this  time  the  countenance  retained  the 
appearance  described,  but  the  eye  seemed  beginning  to  sink,  and 
some  degree  of  lividity  had  commenced  on  the  surface  of  the  abdo- 
men. The  joints  were  still  flexible.  At  this  time  a  very  eminent 
professor  of  anatomy  viewed  the  body,  and  considering  Uie  hesita- 
tion that  had  prevailed  to  be  altogether  groundless,  he  appointed  the 
following  day  to  examine  it  internally.  The  head  was  aecordingly 
opened,  and  a  considerable  extravasation  of  blood  found  in  the 
posterior  part  of  the  cranium,  between  the  drall  and  dura  mater 
and  between  the  membranes  and  substance  of  the  brain.  No  serum 
was  detected  in  the  ventricles;  but  the  brain  itself  was  remarkably 
hard.  This  was  sixteen  days  after  death.  On  the  following  day, 
the  body  was  interred.  A  clamour  now  arose  amongst  the  neigh- 
bours, that  he  had  been  prematurely  handed  over  to  the  anatomist 
The  body  was  exhumed;  an  inquest  was  held;  and  the  evidence  of 
the  medical  gentlemen  demanded.  The  jury,  of  course,  returned 
a  verdict  of  **  apoplexy.'* 
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It  may  hence,  beepme  a  matter  of  medioo-legal  inquiry  to  verify 
the  existeace  of  death,  in  cases  where  doubt  prevails,  from  the  per* 
son  being  in  a  state  of  apparent  death, — natural  .or  assumed. 

Perhaps  the  most  singular  case  on  record,  of  auspenaion  of  two 
of  the  most  important  of  the  vital  functions,  occurred  to  the  dis- 
tinguished John  Huktbh.  In  the  year  1769,  being  then  forty-one 
years  of  age,  of  a  sound  constitution,  and  subject  to  no  disease  ex* 
oept  a  casual  fit  of  the  gout,  he  was  suddenly  attacked  with  a  pain 
in  the  stomach,  which  was  speedily  succeeded  by  a  total  suspen- 
sion of  the  action  of  the  heart  and  of  the  lungs.  By  violent  exer- 
tion of  the  will  he  occasionally  inflated  the  lungs,  but  over  the  heart 
he  had  no  control  whatever;  nor,  although  he  was  attended  by  four 
of  the  chief  physicians  in  London  from  the  first,  could  the  action 
of  either  be  restored  by  medicine.  In  about  three-quarters  of  an 
hour,  however,  the  vital  actions  began  to  return  of  their  own  ao- 
eord,  and  in  two  hours  he  was  perfectly  recovered.  ^'  In  this 
attack,''  says  his  biographer.  Sir  Evkbabd  Homb,  ^^  there  waft  a 
suspension  of  the  most  material  involuntary  actions,  even  involun- 
tary breathing  was  stopped;  while  sensation,  with  its  consequences, 
as  thinking  and  acting,  with  the  will,  were  perfect,  and  all  the 
voluntary  actions  were  as  strong  as  ever." 

At  one  period  it  was  universally  credited,  that  substances  could 
be  administered,  which  might  arrest  the  whole  of  the  vital  func- 
tions or  cause  them  to  go  on  so  obscurely  as  to  escape  detection. 
This  erroneous  popular  notion  is  exhibited,  in  the  description  of 
the  action  of  the  drug,  administered  by  Friar  Lawbsncs  to 

JpLQBT : — 

«  Take  then  tlufl  phial. 
And  this  distilled  liquor  drink  thou  off; 
When  present! J  thro^  ail  thy  rtina  shall  nu 
A  cold  and  drov^  hunor,  which  shall  seize 
Each  vital  spirit}  vx  no  pulse  shall  keep 
His  natural  progress,  but  soon  cease  to  beat 
No  warmth,  no  breath  shall  testify  thou  livcit; 
The  roses  in  thy  lipa  and  cheeks  shall  fiide 
To  pa^  ashesf  the  eyes  windows  fall 
like  cUtath,  when  he  shuts  up  the  day  of  Hfe; 
And  in  this  borrow'd  hkeness  of  shrunk  death* 
Thou  shalt  oontinue  two-and-forty  hours. 
And  then  awake  aa  firom  a  pleasant  sleep.'' 

Death  may  also  be  feigned  for  sinister  purposes.  The  author 
recollects  a  body  having  been  brought  in  a  sac  to  the  house  of 
Mr.  Brookes,  the  distinguished  anatomist  of  London,  the  vitality 
of  which  was  detected  by  the  warmth  of  a  protruded  toe.  It  waa 
that  of  a  robber,  who  had  chosen  this  method  of  obtaining  admis- 
sion within  the  premises* 

The  celebrated  case  of  Colonel  Towkshshp  exhibits  the  power 
occasionally  possessed  over  the  vital  functions;  and  Dr.  Glsohork 
of  Glasgow  knew  an  individuaJ,  who  could  feign  death,  and  had 
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80  completely  the  power  of  suspending  or  tt  least  of  diminishing 
the  action  of  the  heart,  that  its  pulsations  were  imperceptible. 

Lastly,  the  character  of  the  death,  as  to  violence  or  gradual  ex- 
tinction, is  often  exhibited  in  the  physiognomy  of  the  dead. 
Where  it  has  taken  place  during  a  convulsion,  or  by  agents  that 
have  forcibly  and  suddenly  arrested  respiration  or  innervation,  the 
countenance  may  be  livid,  the  jaws  clenched,  the  tongue  protruded 
and  caught  between  the  teeth,  and  the  eyes  forced,  as  it  were, 
from  their  sockets ;  but  usually  in  death  from  old  age  or  even  bom 
acute  and  tormenting  disease,  whatever  distortion  or  mark  of  suf- 
fering may  have  existed  prior  to  dissolution,  subsides  after  the 
spirit  has  passed,  and  the  features  exhibit  a  placidity  of  expres- 
sion, singularly  contrasting  with  their  previously  excited  condi- 
tion. For  effect,  however,  the  poet  and  the  painter  suit  their  de- 
scriptions of  death  to  the  character  of  the  individual  whom  they 
are  depicting.  The  tyrant  falls  convulsed  and  agonized,  whilst 
the  tender  and  delicate  female  is  described  to  have 
withered,  till 

«Atlast» 
Without  a  groan,  or  si^h,  or  glance  to  ^ow 
A  parting  pang,  the  tpint  from  ner  past: 

And  they  who  watch'd  her  nearest  could  not  know 
The  yeiy  instant,  tiU  the  change  that  cast 

Her  sweet  &ce  into  shadow,  dull  and  slow 
Glazed  o'er  her  eyes — the  beautiful,  the  black, 
Ob!  to  possess  such  lustre,  and  then  lack." 

Btbov,  Don  Juan,  Ooito  IT. 

Wabwicx's  description  of  the  frightful  physiognomy  of  Duke 
HujfPHBST, after  death  from  suffocation,  is  scarcely  overdrawn: — 

"  But  see  his  face  is  black  and  ftill  of  blood; 
His  eyeballs  ftrther  out  than  when  he  liy'd, 
Starin^p  full  ghastly  like  a  strangled  man: 
His  hair  upresr'd,  hb  nostrils  stretch'd.with  struggling: 
His  hands  abroad  displayed,  as  one  that  grasp'd 
And  tugg'd  for  life,  and  was  by  strength  subdu'd. 
Look  on  the  sheets,  his  hair  you  see  is  sticking: 
His  well-proportion'd  beard  made  rough  and  rugged. 
Like  to  the  summer's  com  by  tempest  lodged. 
It  cannot  be  but  he  was  murder'd  here: 
The  least  of  all  these  ngns  were  probable.'* 

KisG  HavBT  VL  p.  2.  Act  m. 

How  different  is  this  picture  from  that  of  the  countenance  of  the 
young  being,  who  has  gradually  sunk  to  death  in  the  manner 
above  described.  The  beauty  is  unextinguished,  and  the  paleness 
and  lividity  of  death  have  taken  the  place  of  the  colours  of  life; 
yet  the  wonted  physiognomy  may  remain. 

<*  Hush*d  were  his  Gertrude's  lips!  but  still  their  bland 
And  beautiful  ezpresnon  seem'd  to  melt 
With  love  that  could  not  die!"  Cajcpbbu. 
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Perhaps  one  of  the  most  beautiful  and  accurate  pictures^  drawn 
by  the  immortal  Btbon,  is  his  description  of  the  serenity  of  coun- 
tenance observable  in  most  fresh  corpses;  an  expression  which,  by 
association,  is  deeply  affecting,  but  not  without  its  consolation  to 
the  friends  of  the  departed. 

He,  who  hath  bent  him  o'er  the  dead, 

£re  the  first  day  of  death  is  fled; 

Before  decay's  efTacing  fingers 

Have  swept  those  lines  where  beauty  lingers: 

And  mark'd  the  nuld,  angelic  air, 

The  rapture  of  repose  that's  there: 

The  fix'd  yet  tender  traits,  that  streak 

The  languor  of  the  placid  cheek; 

And  but  for  that  sad,  shrouded  eye. 

That  fires  not, — ^wins  not, — ^weeps  not  now: 

And  but  for  that  chill,  changeless  brow. 

Where  cold  obstruction's  apathy 

Appals  the  gazing  moumei^s  heart. 

As  if  to  him  it  could  impart 

The  doom  he  dreads,  yet  dwells  upon: 

Tes  but  for  these  and  these  alone. 

Some  moments,  ay,  one  treach'rous  hour. 

He  still  might  doubt  the  tyrant's  power. 

So  fiur,  so  calm,  so  softly  seal'd 

The  first,  last  look  by  death  reyeal'd. 
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— —  wliere  met  with,  16, 
Filament,  what,  34. 
Fish,  poisonous,  454. 
Flexors,  preponderance  ofthe,  339. 
Fluid,  nervous,  69. 

ofthe  human  body,  26. 

Flying,  357. 

Foetal  existence,  II.  339. 

Foetus,  anatomy  ofthe,  11. 339. 

'  animal  Amotions  of  the,  IT,  364. 

■'  calorification  of  the,  11.  382. 

■  circulation  of  the,  H.  376. 

■  dependencies  of  the,  U.  346. 


Foetus,  d^estion  ofthe,  n.  375. 

effect  of  maternal  imaginatioa 

on  the,  U.  380, 
——  expresfflon  of  the,  H.  365. 
.— — ^  external  senses  ofthe,  IL  364. 
—         increment  ofthe,  BT.  352. 

intellectual  and  mcmd  faculties 


ofthe,  n.  364. 

— ^  internal  senses  ofthe,  IL  364. 

motion  ofthe,  IL  365. 

nutrition  ofthe,  11.  365. 

nutritive  functions  of  the,  ML 


365. 


—  peculiarities  ofthe,  IL  358. 

physiology  of  the,  II-  364. 

reproductive  functions  of  fte, 

n.  383. 

respiration  ofthe,  IL  375. 

secretions  ofthe,  IL  382. 


FolUcle,  n.  195. 

— —  sebaceous,  73. 

Follicular  secretions,  n.  331. 

Food,  ammal  substances  used  ns,  450l 

birds  used  as,  452. 

Crustacea  used  as,  452. 

effect  of  baking  on,  458. 

effect  of  bolting  on,  457. 

effect  of  broiling  on,  458. 

effect  of  cookery  on,  457. 

effect  of  fiyin|^  on,  458. 

effect  of  roastmg  on,  458. 

fish  used  as,  454. 

insects  used  as,  455. 

molluscous  animals  used  as,  454 

of  man,  438. 

prehension  of,  467. 

reptiles  used  as,  453. 
—  vegetables  used  as,  455. 
Force,  vital,  n.  480. 
Forces,  motive,  seat  ofthe,  297. 
Foreshortening,  313. 
Free-martin,  378. 
Functions,  animal,  41. 
— — —  clasnfication  ofthe,  37. 
— — —  correlation  of,  n.  428. 

nutritive,  414. 

of  man,  37. 

reproductive,  n.  251. 

table  ofthe,  38. 

— ^—  vegetative,  7. 

G. 

Galvanism,  effects  of,  on  the  dead  body, 

315. 
Gangtions,  nervous,  ST, 
Gas  animale  sangninls,  n.  45. 
Gases,  deleterious,  U.  113. 

irrcspirable,  U.  113. 

permeabiUtjr  of  tissues  by,  35. 

Gastric  juice,  482,  487. 

Gelatine,  nutritive  properties  of,  449. 
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Gelatine,  where  met  with,  15. 
Qememfftfuhl^  226. 
Generation,  n.  251, 

■  ab  ammalculo   maris,  IL 


312. 


312. 


256. 


animalcular,  theory  o^  IL 
bj  spontaneous  diTinon,IL 


— ■^—  equiyocal,  IL  251. 

fissiparous,  II.  256. 

— — "—  gemmiparous,  II.  256. 

I       OYiparous,  II.  256. 
— ^^—  OTo-yiviparous,  n.  257. 
— — —  regular,  n.  251. 
— —  spontaneous,  n.  251. 

theories  of,  II.  302. 

— — —  uniyocal,  II.  251. 

viyiparous,  II.  257. 

Generative  apparatus,  II.  258. 
Geqifal  organs  of  the  female,  II.  268. 

of  the  male,  IL  25a 

Germs^  dissemination  o(  II.  310. 
"  encanng  o^  IL  311. 

vital,  Darwin's  notion  o(  II.  304. 


Gestation,  IL  325. 

Gestures,  399. 

Girandelli,  Ifadame,  her  resistance  to 

heat,  79. 
Ghmd,  described,  II.  195. 
Glandular  secretions,  II.  222. 
Globuline  of  the  blood,  n.  49. 
Gluten,  nutritive  properties  of,  449. 
Goitre,  H.  28,  EL  455. 
Gftu  <iet  Otm«/i^ret,  288. 
Growth  of  the  body,  II.  167. 
Gum,  nutritive  properties  of,  448. 
Gfustation,  87. 

H. 

Habit,  n.  456. 

Hxmatosis,  IL  66,  II.  94. 

Hur,  73. 

HaHtus  of  the  blood,  IL  45. 

Hallucinations,  IL  416. 

Hand,  advantages  of  the,  u  an  organ  of 

touch,  83. 
Harmony,  what,  114. 
Hawking,  H.  90. 

Hearing,  immediate  functions  o&  133. 
— —  improved  by  cukivatioo,  140. 
— —  organ  of,  113. 
— —  sense  of,  113. 
Heart,  H.  119. 

^— -  a  double  organ,  U.  117. 
—  circulation  mrough  the,  II.  129. 
«  suction  power  of  the,  U.  148. 

Heat,  sense  of,  73,  225. 
HemaUne,  II.  48. 
Hermaphrodism,  O.  276. 
Hermaphrodite,  U.  256,  U.  276. 


HonejweU,  Miss,  her  case  deacrihed, 

84. 
Hunger,  226,  461. 
Hunter,  Hr.  case  of,  519. 
Hybrids,  doctrine  of,  H.  308. 
Hydrogen,  effects  of  the  rcspisation  of, 

H.  111. 

where  found,  13. 

carburetted,  effects  of  the 

respiration  of,  H.  113. 

I. 

Idiosyncrasy,  U.  449. 
Illusions,  mental,  H.  416. 

optical,  211,  222. 

Imagination,  effects  of  the,  H.  437* 
— — —  maternal,  influence  of  the, 

on  the  foetus,  H.  380. 
Imbibition,  34,  H.  56. 
Imitation,  effects  of,  U.  461. 
Impressions,  eztenud,  239. 
Impulses,  cerebral,  302. 
Incubation  of  the  egg,  H.  341. 
IndimdualUatssmn,  226. 
Infancy,  H.  384 

flrst  period  of,  H.  384. 

—  second  period  of,  H.  389. 

thmi  period  of,  H.  393. 

Inorganic  bodies,  1. 
Inspiration,  H.  84. 

first,  n.  385. 

Instinct,  n.  492. 

Intellect,  248. 

Iron,  where  found,  14. 

Irritsbility,  312,  H.  503. 

Irritation,  constitutional,  II.  430. 

Itching,  227. 

J. 

Joints,  292. 

Joy,  ezpresBon  of,  407. 

K. 
Kalmuck  race,  U.  468. 
Kisnng,  402. 

L. 

Labour,  U.  332. 

premature,  U.  232. 

Lachrymal  apparatus,  164. 
Lacteals,  U.  4. 
Lactation,  U.  336. 
Language,  359. 

artificial,  386. 

natural,  384. 

-^— —  origin  of,  387. 
Laughter,  H.  92. 

broad,  403. 

of  animals,  H.  93. 

Leaping,  352. 
Lebtmgtfuhk  226. 
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heoBCM,  Ytrioofy  147. 
LeUerty  how  dirided,  390. 
Life,  n.  480. 
Light,  141. 

colourt  tnd  deoompontion  of. 


147. 


diffraction  of,  306. 

damtionof  the  impretaon  of,  on 


therethia,  224. 

intensity  o^  142. 

reflection  of,  143. 

refraction  of,  144. 

velocity  of^  142. 


LikencM  of  child  to  parent,  mnarki  on 

the,  n.  315. 
Line,  &cia1,  256. 

occipital,  258. 

Liquor  amnii,  n.  348. 
Locomotion,  nerrout  fjstem  of,  300. 
LfOComotiTC  influx,  300. 
Longnghtedness,  198. 
Lungmprobe^  IL  86. 
Lymph,  IL  29. 

coagulable,  IL  47. 

Lymphatic  apparatus,  II.  25. 
LymphoB%  n.  30. 


Magnesium,  where  found,  15. 
UtLaiMtTL  75. 
Malay  race,  IL  469. 
Mangineae,  where  found,  14. 
Manhood,  age  of,  11.  400. 
Manlrind,  Tarieties  of,  II.  462. 
Marks,  mother's,  IL  380. 
Marrow,  exhalation  of  the,  II.  209. 
MatUrt  exbradioe  du  JBouiUon,  16. 
Meat,  effect  of  mode  of  killing  on,  451 . 
»—  influence  of  age  on,  450. 
—  influence  of  fwxl  on,  451. 

influence  of  sex  on,  450. 

Mechanical  principlei^  324. 
Meconium,  n.  383. 
Medulla  oblon|;ata,  50. 
-^^—  spinalis,  51. 
Mek)dy,  125. 

Membrane,  nictitating,  163. 
Menses,  H.  279. 
Menstruation,  IL  279. 

idcarioua^IL  281. 
iClk,  n.  338. 
Mind,  not  proportionate  to  the  state  of 

the  senses,  $40. 

seat  of  the,  280. 

Miscarriage,  n.  332. 
Mitchell,  the  boy,  case  of,  241. 
Molecules,  organic,  of  Buffoo,  303. 
Mongolian  race,  II.  468. 
Monorchidesof  the  Cape  of  Good  Hope, 

0.261. 


Monstrosities,  H.  379. 
Moral  acta,  247. 
Morbus  camileuB,  II.  50. 
Motility,  n.  503. 
Motion,  muscular,  282,  294. 
— ^—  Toluntaiy,  282. 
Motive  apparatus,  282. 
—  forces,  seat  of  the,  297. 
Movements,  locomotive,  349. 
-  partial,  347. 


Mucilage,  nutritive  proper^ea  €€,  448L 
Mucous  membranes,  einalarton  of  tfae^ 

n.  220. 
Mucus,  where  met  with,  16. 
Muscles,  282. 
— — -  anal3r«s  of,  287- 
— ^—  colour  of,  310. 

—  contraction  of,  309- 
mixed,  II.  79. 

— —  relaxation  oi,  318, 

•—  simple  and  compound,  337. 

Muscular  contraction,  daratian  o^  390. 

• extent  of,  323. 

force  of;  3ia 

Telocity  of,  321. 

Musical  tone,  124. 
Mutkebinn,  31B. 
Muteosis,  399. 
Myopy,  198. 

N. 
NKvi  matemi,  IL  380. 
Nails,  73. 
Natural  bodies,  1. 

—  state  of  man,  440. 
Nauses,  519. 

Negro  race,  IL  467. 
Nerves,  52. 

fiitty  matter  ot  18. 

pneumogastric,  effects  of  the 

section  of  the,  on  digestion,  405. 
— —  on  respiration,  II.  107. 

sensible  and  insenable,  63. 


Nervi-motion,  Dutrochefs  views  aS,  32, 

n.  482. 
Nervous  system,  41. 
Norma  verticalis  of  Blumenbach,  359. 
Nose,  blowing  the,  n.  90. 

use  of,  in  smell,  107. 

Nutrition,  n.  165. 

Nutritive  principle,  peculiar,  does  not 

exist,  443. 
Nyctalopes,  eyes  o(  171. 

O. 

Odours,  101. 

—«—  classtficatioo  of,  104. 

— ^-^  disengagement  of,  101. 

diviribility  of,  103. 

medicinal  propCTties  of,  105. 
— —  nutritious  properties  of,  105. 
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Odoun,  yehidei  of»  103. 

Oils,  nutritive  properties  o^  449. 

Oleine,  where  met  with»  18. 

Olfaction,  97, 106. 

Onomatopoeia,  387. 

Optic  nerves,  decussation  of  the,  158. 

Organ,  26. 

Organization,  5. 

'  compounds  of,  4,  18. 

Organized  bodies,  characters  of,  1. 
Organology,  267. 
Osculation,  402. 

Osmazome,  nutritive  properties  of,  449. 
— — —  where  found,  16. 
Ovarists,  doctrine  of  the,  II.  306. 
Oxygen,  respiration  of,  II.  109. 
^— —  where  found,  13. 

P. 

Pain*  230. 

-^—  bodily,  expression  of,  406. 

Painting,  a  variety  of  ezpression,  413. 

Palsy,  theoipr  of,  306. 

Pancreatic  juice,  secretion  of  the,  IL 

223. 
— — — ^—  use  of  in  dige8tlon9506. 
Pandiculations,  IL  92. 
Panspermia,  n.  310. 
Panting,  U.  93. 
Parturition,  n.  332. 
Passions,  252. 

'  expression  of  the,  411. 

seat  of  the,  237. 

Pectoriloquy,  379. 
Periosteum,  292. 
Peristaltic  action,  480. 
Peristole,  480. 
Perceptivity  of  plants,  9. 
Perspective,  214. 

aerial,  215. 

Perspiration,  H.  211. 
Phosphorus,  where  found,  13. 
Phrenologi^  cerebral  organs  of  the, 

268. 
Phrenology,  267. 
Physiognomy,  407. 
Physiology,  general*  of  man,  12. 
Picromel,  where  found,  20. 
Pneumogastric  nerves,  effect  of  the  sec* 

tion  of  the,  on  digestion,  495. 
— ^— ^— ^— -  on  respiration,  II. 

107. 
Poetry,  a  variety  of  expression,  413. 
Point,  visual,  197. 
Potassium,  where  found,  15. 
Power,  sensorial,  281. 
Pregnancy,  H.  325. 

. duration  of,  TL  330. 

SM^s  of,  n.  329. 

Prehension  of  food,  358,  467. 
■  of  Hquiid^  515. 

Vol.  II.  67 


Presbyopjr,  198. 
Presentations,  various,  n.  335. 
Principle,  nutritive,  peculiar  does  not 

exist,  443. 
Principles,  mechanical,  329. 

proumate  of  animals,  15. 

Propelling  a  body,  how  effected,  358, 
Property,  hygrometric  of  tissues,  34. 

—  physical  of  organs,  33. 

vital,  n.  501. 

ProtogaU^  n.  337. 

Puberty,  n.  397. 

Pulse,  doctrine  of  the,  n.  157. 

venous,  II.  130.  , 

^  Purgaiiaiu,  U.  281. 
Pylorus,  use  of  the,  478. 

R. 

BaeomissemaU,  34. 

Rage,  expression  of,  406. 

Redman,  11.468.  " 

Regfurgitation,  517. 

Rennet,  490. 

Reproduction,  desire  of,  11.  283. 

'       functions  of,  II.  251. 

instinct  of,  IL  283. 

Respiration,  n.  66,  n.  70. 
effects  on  the  dicolation* 

n.  148. 

■  of  animals,  n.  114. 
■  of  gases,  n.  109. 

Respirations,  number  of,  II.  87. 
Respiratory  organs,  IL  66. 
Reverie,  IL  426. 
Rumination,  518. 
Running,  353. 

S. 
Saliva,  n.  222. 
Sapidity,  cause  of,  90. 
Sanguification,  n.  94. 
Savours,  89. 

classification  of,  91. 

Schurze  of  the  Bosjesman  female,  IL 

269. 
Seadckness,  519. 
Secretion,  n.  195. 

follicular,  IL  221. 

•~— —  glandular,  n.  222. 
Secretoiy  apparatus,  IL  195. 
SMi^ml,  226. 
Self-feeling,  226. 
Semen,  secretion  o(  II.  266. 

properties  of,  IL  267. 

Seminists,  n.  306.     V 
Sensations,  41,  64. 
— «—  external,  70. 

internal,  228. 

-^-~—  morbid,  229. 
— — ^—  organic,  228. 
Sense,  musciuar,  225,  318. 
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Sense  of  indiTidiudity« 

ofkKm]itT,23& 

oriiie,336. 

—  of  motion,  318. 
— -'^  pneiunatic,  326. 
— ^  sixth  of  Buffo*,  23i. 
Sevsesy  additiontl,  225. 

«-«^-  secondiiy  instruments,  ^40. 

SensibUity,  41,  64. 

less  ia  the  lower  uuhmIs, 

235. 
— —  vitml  property  of,  IL  502. 
Serous  exhalation,  II.  205. 
— — — ^—  of  the  cellukr  mem* 

brane,  H.  206. 
Sexes,  diflerences  between  the,  U.  452. 

—  proportion  of  the,  bom,  n.  318. 
Sheep,  fat-buttocked.  If.  208. 
Short-sightedness,  IS^ 

Sicrhing,  H.  91. 

sound  of,  384. 

Sight,  sense  of,  140. 

Sificium,  where  found,  14. 

Singing  Toice,  998. 

Sinuses,  nasal,  use  of  ia  imeD,  lOT. 

Skeleton,  liTing,  ezhihited,  27. 

Skin,  73. 

-— -  gooeti  409. 

SkuU,  43. 

Sleep,  IL  405. 

■  complete,  IL  409. 

inoemplete,  H.  400. 

* walking,  IL  41S. 

want  of,  n.  406. 

Slumber,  IL  407. 

Smell,  97. 

—^  acuteness  of,  in  animals,  110. 

acuteness  of,  \x\  the  blind,  112. 

immediate  ftiinction  of  the,  109. 

improved  by  edscatUm,  113. 

mediate  functions  U,  110. 

nerves  of,  108. 

——organs of,  97. 

Saeesing,  IL  89. 

Sobbing,  11.  93. 

Sodium,  where  found,  14. 

Sotander,  effects  of  severe  eold  on,  II. 

176. 
Sotids,  21. 

compoond,  35. 

Somnambulism,  II.  412. 

Soul,  seat  of  the,  280. 

Sound,  120. 

acute,  nalappvodttioa  o^  137. 

intensity  of,  124, 

reflexion  of,  129. 

sjrmpathetic,  121. 

timbre  of,  124. 

tone  of,  124. 

vehicle  o(  120. 

veloci^  0^  131.  I 


Spa3ring,  method  of  effectisi^  EL  391. 

Spectra  ocubr,  189, 

Speech,  386. 

Sperm,  n.  266. 

Spermatic  animalcule,  11.  367. 

Spermstaets,  O.  306. 

Spinal  marrow,  protection  of  the,  46« 

structure  oi,  51. 

Spirits,  animal,  68. 

Spitting,  n.  90. 

Spleen,  II.  245. 

Spontaneity  of  plants,  9. 

Squeeaing,  358. 

Squinting,  204. 

SUndinr,  340. 

StansfieTd,  case  of,  II.  440. 

Starch,  nutridve  properties  oS^  447. 

Stearine,  where  met  with,  18. 

Stethoscope,  123. 

Stomach,  digestion  of  the,  afW  death, 
493. 

Stout,  Un.  her  ease,  356. 

Strabismus,  204. 

Straining,  H.  88. 

Structure,  elementary  of  animal  sab- 
stances,  39. 

Study,  brown,  n.  436. 

Succus  intestinalis,  503. 

Sugar,  nutritive  properties  o^  44S. 

of  diabetes,  20. 

of  milk,  19. 

Sulphur,  where  fovmd,  14. 

Sulphuretted  hvdrogeii,  effects  of  tlie 
respiration  of;  n.  113. 

Superfbetation,  n.  323. 

Supra  renal  capsules^  n.  39. 

Suspicion,  expression  of^  408. 

Sweat,  what,  IL  311. 

Swimming,  354. 

Sympathetic,  great,  S/. 

Sympathy,  n.  433. 

cerebral,  n.  449. 

direct,  H.  443. 

morbid,  IL  430. 

of  contiguity,  II.  435. 

of  continuity,  IL  434. 


Syner^es,  II.  429 
Synovia,  II.  309. 
System,  36. 

nervous,  of  looomotloB,  90a 

Systole  of  the  heart,  n.  130. 

T. 

TabUer  of  the  BosjesmMfeaMac,IL  369. 
Tact,  73. 
Taste,  87. 

diversity  of,  in  aaiaMls,  96. 

innnediate  Ametione  of,  95. 

improreaieat  dt  by  educalioB, 


96. 


mediate  fimcdoiieoC  95. 
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Taste,  org^ftDS  of,  88. 
Tapetum,  171. 
Tattooing,  H.  168. 
Tawny  man,  II.  469. 
Tears,  164. 

secretion  of  the,  II.  333. 

use  of  the,  180. 

Teeth,  shedding  of  the,  H.  393. 
Temperament,  athletic,  II.  447. 

atrabiBoos,  II.  447. 

bilious,  n.  447. 

choleric,  n.  447. 

— ^— ^-^  influence  of,  on  the  imnd. 


336. 


lymphatic,  n.  448. 
melancholic,  n.  447. 
muscular,  H.  447. 
nervous,  n.  448. 
phlegmatic,  n.  448. 
pituitous,  II.  448. 
sanguine,  II.  446. 


177. 


173. 


Temperature,  animal,  n.  170. 
■  depressed,  effects  of,  n. 

175. 

elerated,  effects  of,  n. 

of  animals,  table  o(  IL 

of  bodies,  n.  170. 

Terror,  expression  of,  406. 
Testes,  descent  of  the,  II.  363. 
Thaumatrope  of  Paris,  334. 
Thigh-bone,  neck  of,  advantage  of  the^ 

ThirBC514. 

sense  of,  336. 

Thymus  gland,  II.  38.^ 
Thyroid  gland,  II.  38. 
Tickling,  337. 
Tingling,  337. 
Tissue,  36. 
»— —  albugineous,  35. 

cellular,  34,  39. 

compound,  35. 

■  laminated,  34. 
~  medullary,  35. 
muscular,  34^  30. 

■  nervous,  35,  30. 

primary,  34. 

pulpy>  35. 

Tissues,  permeability  of  to  gises,  35. 
TitiUation,  337. 
Tone,  33. 
Tonicity,  33. 

of  Parry,  U.  J44. 

Touch,  73,  79. 

immediate  functions  of,  85. 

— —  mediate  functions  of,  85. 

regarded  the  first  of  the  senses, 

84. 
Townshend,  Col.  his  case,  IL  134. 


Tractors,  metallic  of  PeiVm,  n.  407. 
Transpiration,  cutaneous,  II.  311. 

-^.^— -  pulmonary,  IL  318. 

Transudation,  34^  II.  56. 
Travail,  II.  333. 
Tutamina  cerebri,  43. 

oculi,  160. 

Twins,  proportion  of  cases  of,  II.  330. 

0. 

Understanding,  348. 
Urea,  where  met  with,  17. 
Urinary  organs,  IL  333. 
Urine,  511. 

secretion  of,  n.  333. 

Utero-gestation,  II.  335. 
Uvula,  use  of  the,  473. 

V. 

Varieties  of  mankind,  II.  463. 

Yasa  vasorum,  IL  38. 

Vegetables  and  animals,  differences  be- 
tween, 7. 

Veins,  IL  35. 

circulation  in  the,  IL  147. 

Vena  porta,  n.  39. 

Venous  system,  H.  35. 

Ventrale  cutaneum  of  the  Boigesman 
female,  n.  369. 

Ventriloquism,  379. 

Venus,  Hottentot,  II.  308. 

FesHges  of  the  French,  what,  115. 

Virility,  age  of,  H.  400. 

Vis  insita  of  HaUer,  313. 

— -  mortua,  36. 

Vision,  140, 165. 

advantages  of  to  the  mind,  308. 

direction  of  bodies  appreciated 

by,  311. 

distance  appreciated  by,  311. 

— —  distinct,  point  of,  190. 

-^— —  distinct,  requisites  for,  187. 

double,  Ji^Ol. 

erect,  185. 

— ^^  immediate  functions  of,  308. 

improved  by  education,  835. 

■     inairect,  190. 

magnitude,  appreciated  by,  311. 

— ^^  m^ate  functions  of,  311. 

motion,  appreciated  by,  318. 

■         multiple  with  one  eye,  306. 

nerves  of,  173. 

-^—  oblique,  190. 

: —  organs  of,  150. 

— -^  phenomena  of,  183. 

potttion,  appreciated  by,  311. 

seat  of,  183. 

sur&ce  of  bodies  appreciated 

by,  311. 

Visual  angle,  313. 

Vital  force,  IL  480. 
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Vital  prindple,  IL  480. 
—  propertiei,  n.  501. 
Vitality,  IL  480. 
Vocal  apparatujy  360. 
Voice,  360. 

intennty  of,  366. 

natire,  384. 

quality  of  the,  378. 

Umbre  of  the,  378. 

"  tone  of  the,  366. 
Volition,  seat  of,  294. 
Vomiting,  518. 
at  pleasure,  518. 


Vowels,  390. 


W. 


Walking,  349. 
Wants,  228. 
Weeping,  II.  93. 

! expression  of,  404 

of  animals^  II.  93. 

Whispering,  384. 
WhisUing,  384. 
Writing,  »rt  of,  389. 


Yawning,  H.  91. 


Y. 


THE   END. 


JUST  PUBLISHED  BY  CAJIEY  &  LEA. 


PRIVATE    MEMOIRS  of    NAPOLEON 

BONAPARTE,  from  the    French  <^  M. 

Pavvelbt  de  Bovrrientie,  Private  Secre> 

tary  to  the  Emperor.    Second  Amebican 

Edition,  complete  in  one  volume. 

%*  This  edition  contains  almost  a  fourth 

more  matter  than  the  previous  one,  as  in  (urder 

to  render  it  as  perfect  as  possible,  extracts  have 

been  given  from  the  Memoirs  fix>m  St  Helena, 

Official  Reports,  &a  &c.  in  ail  cases  where 

they  d'iSkr  from  the  statements  of  M.  de  Bour- 

rienne. 

^  This  English  translation,  which  has  been 
very  faithfully  rendered,  is  fltill  more  valuable 
than  the  original  work,  as  upon  all  points  where 
any  obliquity  from  other  published  recitals  oc- 
curs, the  trandator  has  nven  several  accounts, 
and  thus,  in  the  form  ofnotes,  we  are  present- 
ed with  the  statements  obtained  from  Napo- 
leon's own  dictation  at  St  Helena,  fiom  the 
Memoirs  c^  the  Duke  of  Rovigo,  of  General 
RaPP^  of  Constant,  from  the  writings  of  the 
Marquis  of  Londonderry,  dtc-."— 17.  Sfer.  Jour, 
*♦  Those  who  desire  to  fi)rm  a  correct  esti- 
mate of  the  character  of  one  of  the  most  eztra- 
ordinaiy  men  **  that  ever  lived  in  the  tide  of 
tinrie,"  will  scarcely  be  without  it  The  present 
edition  possesses  peculiar  advantages. 

The  peculiar  advanta^s  of  position  in  re- 
gard to  his  present  subject,  solely  enjoyed  by 
M.  de  Bourrienne,  his  literary  accomplish- 
ments and  mora]  qualifications,  have  already 
otTtained  for  these  memoirs  the  first  rank  in 
contemporary  and  authentic  history.  In 
France,  where  they  had  been  for  years  ex- 
pected with  anxiety,  and  where,  since  the 
revolution,  no  work  connected  with  that  peri- 
od or  its  consequent  events  has  created  so 
ffreat  a  sensation,  the  volumes  of  Bounienne 
have,  from  the  first,  been  accepted  as  the 
only  trustworthy  exhibition  of  the  private  life 
and  politica]  principles  of  Napoleon. 

"  We  know  from  the  best  political  authority 
now  living  in  England,  that  the  writer's  ac- 
counts are  perfectly  corroborated  by  fiwrts."— 
Lit.  Gaz.  ^ 

"  The  only  authentic  Life  of  Napoleon  ex- 
tant"— Owirier. 

**This  splendid  pablicRticm  that  literally 
leaves  nothmff  to  be  desired.**— Arte#. 

"These  volumes  may  be  read  with  all  the 
interest  of  a  romance.*' — Ckntrier. 

"  No  person  who  is  desiroos  rightly  to  ap- 
preciate the  character  of  Bonaparte,  will  ne- 
glect the  perusal  of  this  work;  whoever 
wishes  to  know,  not  merely  the  General  or 
the  Emperor,  but  what  the  man  really  was^ 
will  find  him  well  pictured  here.'*— 7Vme«. 

"  The  completest  personal  recollections  of 
Napoleon  that  have  appeared.**— 3fom.  PoU, 

*•  As  a  part  of  the  history  of  the  most  ex- 
traordinary man,  and  the  most  extraordinary 
times  that  ever  invited  elucidation,  these  me- 
moirs must  continue  to  the  latest  ages  to  be 
records  of  invaluable  interest**— LiL  Gaz, 


The  BRAVO,  by  the  author  of  the  •*  Spy," 
"  PUot,*' "  Red  Rover,"  &c.  In  2  vols.  12mo. 

*'  Lei  us  honestly  avow  in  conclusion,  that 
in  addition  to  the  charm  of  an  interesting  fic- 
tion to  be  found  m  these  pages,  there  is  more 
mental  power  in  them,  more  matter  that  sets 
people  thinking,  more  of  that  quality  that  is 
accelerating  the  onward  movement  of  the 
world,  than  in  all  the  Scotch  novels  that  have 
so  deservedly  won  our  admiration." — New 
Monthly  Magazine, 

.  **  This  new  novel  fhwn  the  pen  of  oor 
countryman.  Cooper,  will  win  new  laurels  for 
him.  It  is  full  of  dramatic  interest — "hair- 
breadth escapes" — animated  and  bustling 
scenes  on  the  canals,  in  the  prisons,  on  the 
Rialto,  in  the  Adriatic,  and  in  the  streets  of 
Venice.** — N.  Y,  Courier  djr  Enquirer, 

"  Of  the  whole  work,  we  may  confidently 
say  that  it  is  very  able — a  performance  of  ge- 
nius and  power.' —JVflf.  Gazette, 

"  Tlie  Bravo  will,  we  think,  tei^d  much  to 
exalt  and  extend  the  fame  of  its  author.  We 
have  hurried  through  its  pages  with  an  avidi- 
ty which  must  find  it^  apology  in  the  interest- 
mg  character  of  the  incidents  and  the  very 
vivid  and  graphic  style  in  which  they  are  de- 
scribed." 

By  the  same  author. 

The  HEIDEN-MAEUR,  or  Pagax  Cam?. 
In  2  voIsL    (In  the  Press.) 

SALMONIA;  or.  Days  of  Fly  Fishing;  by 
Sir  Humphry  Davy. 

**  One  oi  the  most  delightful  labors  of  lei- 
sure ever  seen ;  not  a  few  of  the  most  beauti- 
ful phenomena  of  nature  are  here  lucidly  ex- 
plained."— Gentleman^  Magazine. 

NATURAL  HISTORY  of  SELBORNE 
Aio)  rra  INHABITANTS.  By  the  Rev. 
GiLBBRT  Whitb.    18ma 

The  MECHANISM  of  the  HEAVENS,  by 
Mna  SoMERviLtE.    In  I8mo. 

*'We  possess  already  .innumerable  dis- 
courses on  Astronomy,  in  which  the  wonders 
of  the  heavens  and  their  laws  are  treated  of; 
but  we  caA  say  most  conscientiously  that  we 
are  acquainted  with  none—not  even  La  Placets 
own  beautiful  expose  in  his  System  du  Monde, 
— in  which  all  that  is  essentituly  interesting  in 
the  motions  and  laws  of  the  celestial  bodies,  or 
which  is  capable  of  popular  enunciation,  is  so 
admirably,  so  graphically,  or  we  may  add,  so 
unafiectedly  and  simply  placed  before  us.  *  *  * 
Is  it  asking  tpo  much  of  Mrs.  Somerville  to  ex- 
press a  hope  that  she  will  allow  this  beautiful 
preliminary  Dissertation  to  be  printed  sepa- 
rately, for  the  delight  and  instruction  of  thou- 
sands of  readers,  young  nod  old,  who  cannot 
understand,  or  are  too  indolent  to  apply  them- 
selves to  the  more  elaborate  parts  of  the  work  ? 
If  she  will  do  this,  we  hereby  promise  to  ex- 
ert our  best  endeavora  to  make  its  merits 
known." — lAierary  Gazette. 


MISCELLANEOUS. 


All  inSTORICAL   INQUIRY    nrro    thb 
PRODUCTION    AMD    CONSUMPTION 
OF  THE  PRECIOUS  METALS,  from  the 
Eku-liest  Ages,  and   into  the  Influence  of 
their  Increase  or  Diminution  on  the  prices 
of    Commodities.     Bt    William    Jacob, 
Esq.  F.  R.  S.     In  8va 
**  Mr.  Jacob's    Historical   Inquiry  into  the 
Production  and  Consumption  of  the  Precious 
Metals  is  one  of  the  most  curious  and  import- 
ant works  which  has  lately  issued  from  the 
press.    The  -influence  of  the  precious  metais 
on  the  industry  of  mankind  is  acknowledged 
to  be  great;  though,  perhaps,  the  notions  re- 
specting the  precise   mode  of  its  operation 
were  obscure,  and  undoubtedly  the  history  of 
its  effects  had  never  been  traced  with  accu- 
racy and  ingenui^.    Mr.  Huskiston,  who  had 
mamtained  a  friendship  with  Mr.  Jacob  for 
more  than  five-and-twenty  years,  first  pot  the 
authdr  on  the  investigation ;  it  is  one  of  the 
minor  obligations  which  the  country  owes  to 
that  enlightened  statesmaa** — Spectator. 

**  It  waa  written  at  the  suggestion  of  the 
late  Mr.  Huskisson,  and  displays  the  fruits  of 
much  industry  and  research,  guided  by  a  sound 
ju  Igment,  and  embodying  more  learning  than 
is  usually  brought  to  bear  on  statistical  ur  eco- 
nomical subjects.   We  recommend  tlie  book  to 
general  attention."—  Times,  Sept,  2, 1831. 
NARRATIVE    of    a   VOYAGE    to    thb 
PACIFIC  AHD  BEHRING'S  STRAIT,  to 
co-operate  with  the  Polar  Expeditions :  per- 
formed in  His  Majesty's  ship  Bloasom,  un- 
der the  command  of  CapL  P.  W.  Bcechey, 
R.  N- in  the  years  1825,  26, 27,  2«.  In  8va 
**  The  most  mteresting  of  tlie  whole  series 
of  expeditioas  to  the  North  Pole." — Quarter- 
I'j  Review, 

**  This  expedition  wOl  be  forever  memora- 
ble as  one  which  has  added  immensely  to  our 
knowledge  of  this  earth  that  we  inhabit.'* — 
BlackwwHTs  Mag. 

♦*  Captain  BeeSiey's  work  is  a  lasting  mon- 
ument of  \k\A  own  abilities,  and  an  honor  to 
his  country." — Lit,  Qaz, 

A  GENERAL  VIEW  of  thb  PROGRESS 
OF  ETHICAL  PHILOSOPHY,  chiefly 
during  the  Seventeenth  and  Eighteenth 
centuries.  By  Sm  Jambs  Mackoitosh, 
M.  P.    In  8va 

^  This,  in  our  humble  opinion,  is  the  best  ofl^ 
spring  of  the  pen  of  an  author  who  in  phOoso- 
phical  spirit,  knowledge  and  reflection,  rich- 
ness of  moral  sentiment,  and  elegance  of  btyle, 
has  altogether  no  superior — perhaps  no  equal 
— among  his  contemporaries.  Some  time  ago 
we  made  coptous  extracts  from  the  beauti^l 
work.  We  could  not  recommend  the  whole 
too  earnestly.**— AaKofia/  Gazette, 
HISTORY  OF  ENGLAND,  by  Sib  Jambs 
Maokutosm.  Octavo  edition.  In  the  press. 
%♦  The  fint  ralum*  of  thit  edition  will  contain  the 
WBM  matter  M  the  am3volttnietof  the  18mo  ediiion. 


LARDNER^  CABINET  CYCUKPiSm 


HISTORY  OF  THB  RISE,  PROGRESS 
AifD  PRESENT  STATE  or  thi  fill 
MANUFACTURE ;  with  numeroiK  & 
graving 

^  It  contains  abundant  infbrmatioo  Id  m 
department  of  this  interestingf  braocii  of  ^ 
man  industry — in  the  history,  coltaie,  td 
manufacture  of  silL** — Monthly  MagaM, 

'*  There  is  a  great  deal  of  corbos  is&m- 
tion  in  this  little  volume.**— Ltf.  Geseilt. 

HISTORY  or  rm  ITAIJAN  REPraUG 
by  J.  C.  L.  SmMmioL 

HISTORY  OF  MARITIME  i»  INU'Q) 
DISCOVERY.    In3vola   (IiHajprea) 

«"  This  book  abounds  with  cmioa  tiii» 
tion.*'— >6*eit£/eiiMm*s  Magazine, 

"  The  whole  work  is  so  filled  with  nwty 
and  excellence,  that  any  ten  of  HtpagMiki 
we  might  quote,  would  prore  lo  twos  U 
they  ought  not  to  be  ntiified  wkfa  loitb 
alL**— Li/.  GazatU. 

HISTORY  or  the  RISE,  PROGm  io 
PRESENT  STATE  of  thi  MANUFAv 
TURES  OF  PORCELAIN  Mm  GU^ 
With  numerous  wood  cata  (In  tlic  prea 

HISTORY   w    THi    RI^  ™®JS 

AKD  PRESENT  STATE  or  mm 

AMD  STEEL  MANUFACTUKfi  (h  P^ 

"This  volume  appear*  to  contain  all  J*^ 

information  on  the  subject  of  which  it  trali 

—LH.  Gazelle. 

BIOGRAPHY  or  BRITISH  STATESJp 

containing  the  Lives  of  Sir  Thowsi^ 

by  Sm  James  MAcannosH;  C^^ 

sey,  Archbishop  Cranmer,  and  im  Bnrtel^ 

"  A  very  deli^tful  volnroe,  and  od  a^ 

likely  to  increase  in  interest  as  it  pfjf* 

♦  •  *  We  cordially  commend  the  wort  sg 

for  its  design  and  execu^on."— I*"**^ 

Gazette.  , 

"The  life  of  Mwc,  being  from  Aep" 

Sir  James  Mackintoah,  eaafiie^  am  m^ 

warded  oar  attentwn.    Itw»"^,H!^j^ 

has  been  treated  with  the  lof^.PJ"'^ 

spirit  and  Uterary  skill  which  dkmgof^  ^ 

writings  of  Sir  Jamea''— i^.  GtsdH- 

«*We  are  certain,  that  no  one  cin'*^ 
the  perosal  of  the  work,  withoot  la^ 
understandiDjg  enlarged,  and  the  bert»DK***^ 
of  his  heart  unprovw.**— Aftw**       j^ 

•*  A  most  interestmg  and  valoaWe  f(^ 
— Gent.  Magfttxine. 

ELEMENTS  of  OPTICS.  By  Di^  *^ 

eTTEa.     18ma  (In  the  presa)     ...^ 

"The  author  has  given  pn»^"^ 

known  industry,  and  cxfen«>e  •'^•JJJ^ 

with  the  results  of  science  in  efery  r 

Europe.^— ^ow/A/y  Mag-  ...tJiyf 

"  The  Subject  ie,  as  might  ^^^'^jZ 

treated,  and  clearly  illustrated.  — ^-^     - 


FABEILY  CABINET  ATLAS. 

In  preparatkm. 

tm  family  cabinet  atlas, 

-  vniOCrBD  VFON  AN  OBIOmAL   WsAM: 

a  Cooipaiiioo  to  the  Encyclopcedia  Ameri- 
cana, Cabinet  Cyclopeedia,  Family  Library, 
Cabinet  library,  &c 

This  AUu  eonnrifM,  in  a  ToIanM  of  tbe  Family  Library 
•iae,  ntariT  100  Map"  aad  Tablei*  wbich  preMnt  eqaal 
to  IHfif  TiauBmnd  ^aa«t  ^  Piacts  ;  a  body  of  informa- 
tioa  three  timee  ai  eztenaiTe  as  that  aopplled  by  the 
generality  of  Qvarfo  Attaiu. 

OjHwUmi  of  the  PmUw  JournaU. 

'*  Thia  beantifol  and  most  uaeftil  little  roliune,**  a^a 
the  Literary  Gasette,  '*  ia  a  perfect  picture  of  elegance* 
containing  a  vaat  sum  of  geographical  information.  A 
more  inatructive  little  present  or  a  gift  better  calculated 
to  be  long  preserved  and  often  referred  to,  could  not  be 
oflbred  to  iaTored  youth  of  either  sex.  Its  cheapness,  we 
mnat  add,  is  another  recommendation ;  for,  although  this 
elegant  pabHeation  contains  100  beautiful  engravings 
it  is  isauij  at  a  price  that  can  be  no  obstacle  to  ita  being 
procured  by  every  parent  and  fhend  to  youth." 

*'  Thia  Atlas  Ikr  surpasses  any  thing  of  the  kind  which 
we  have  aeen,  and  is  made  to  suit  the  popular  libraries 
which  Dr.  Lardner  and  Mr.  Murray  are  now  sending  into 
every  fkmity  in  the  empire**— JlbsCJk/y  JUtnnp. 

**  Its  very  ingeniooaoMtbodof  arrangement  secures  to 
the  geocrapUcal  atudeat  the  information  for  which  hith- 
erto he  has  been  obliged  to  resort  to  works  <^  the  largest 
di  mensiona."— ^iUei^ssai  ■ 

"  This  miniature  and  beantiftil  Atlas  is  likely  to  super- 
sede, for  general  pttrposes,  mrps  of  a  more  expensive  and 
elaborate  character.  It  appears  to  us  to  answer  tbe 
double  purpose  of  exercising  the  attedtioa  while  it  im- 
printa  all  ttiat  la  important  in  Geography  on  the  memo- 
ry."—*tfas4. 

'^  The  workmandnp  is  aasong  the  beat  of  the  kind  we 
have  ever  witnessed.**— JEsaauiier. 

**  It  eontains  ail  the  information  to  be  derived  from  the 
moat  expenaive  and  unwieldy  Atlas.**— Fsr*  Omrant 

"  By  a  moroent*s  reference,  the  exact  situation  of  any 
l4ace  may  be  found.**— Birsiiii/Aasi  Jtumat. 

**  An  excellent  little  work,  engraved  with  a  clearness 
and  correclneM  which  is  quite  surprising :  when  com- 
plete, travellers  will  have  a  ir^tera  of  Geography  and  a 
comfitete  Atlos,  whicli  they  may  eorry  in  their  pocket.'*— 


mSCEfJLANEOUS. 

MEMOIRS  OF  THB  LIFE  of  SIR  WALTER 
RALEGH,  with  some  accotmt  of  the  Period 
in  which  he  lived.  By  Mrs.  A.  T.  Thomson, 
With  a  portrait 

**  Such  is  the  outline  of  a  life,  which,  in  Mrs.  Thom- 
son's hands,  is  a  mine  of  interest ;  from  the  first  page 
to  the  last  the  attention  ia  roused  and  sustained,  and 
while  we  approve  the  manner,  we  still  more  applaud 
the  apirit  in  which  it  is  executed.** — Literary  QoxeUe. 

'*In  all  respects  a  most  appropriate  volume  for  the 
Cabinet  Library.  We  ahaU  take  on  opportunity  in 
another  notice,  to  give  aome  of  the  many  interesting 
passages  in  tbe  volume  thai  ofller  themselves  lor 
quotation.'*— Al  F.  Amaioan. 

•*  Mrs.  Thomson  has  written  a  ver^  intereating  book. 
It  takes  what  we  are  inclined  to  think,  a  just,  and  at 
the  same  time,  ftvorable  view  of  Ralegh,  and  is  oc- 
cupied beaida  with  many  entertaining  and  illustrative 
aneodotea.** — CrtgUman. 

**  Preaenta  in  a  concise  but  succinct  style  the  variety 
of  incidenta  connected  with  the  life  of  tbe  diatinguish- 
ed  Butgect  of  the  inenM>ir."«^i\^:i<»emi/  JcwrmL 

«The  book  is  unqueationably  the  best  life  of  Ra- 
legh that  has  ever  been  written.'*— AZ&umi. 

"This  is  a  piece  of  biogiaphv  which  combines  the 
ftacinaticNis  of  romance  with  the  deeper  interest  that 
attaches  to  historical  narrative." — Sofkkem  Patriot. 
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ELEGANT  LIBRARY  EDITIONS 

Of  TBE  FOLLOWING  WOaXS. 


WORKS  OP  JOANNA  BAILUE. 

COHPLITB  Iir  ONI  jounOf  8vo. 
Ih  the  preee. 


**  This  ia  tbe  aaost  perfiect  gem  of  an  Atlas  wtaicli  has 
ever  been  pattUnhedr—SrisUdJounML 

*"  It  cof  responds  in  sise  with  those  popular  paMieatioas 
to  which  it  will  form  so  useful  an  addition— nasaely. 
*The  rtmily  Library,*  'The  Classical  Library,*  and 
'  Oabinst  CycloiaBdia.**— OmH  Jesmsi. 

"  Nothing  could  be  devised  better  calculated  to  impress 
upon  the  mind  a  knowledge  of  the  general  principles  of 
geography,  thaa  the  jpUn  of  this  publication.*^—?^ 
fFardmr. 

*'  It  will  be  a  crying  shame  in  thii  age  of  intellect,  if 
this  able  and  beauti Ail  work  be  not  extensively  patron- 
ixpd ;  bat  we  cannot  doubt  the  success  which  we  feel 
a«s*ired  its  intrinsic  merits  mast  secure  to  iV—IntslH- 
g*n—r, 

'*  It  is  scarcely  in  the  nature  of  things,  that  a  work  of 
so  much  public  service  should  fail  in  meeting  with  that 
extensive  patronage  which  can  alone  remunerate  the 
proieclors.*'— Xie«df  IntMOigencer. 

'*  The  plates  are  beautifully  executed ;  and  the  aeo- 
frraphlcarstudent  may  obtain  in  this  little  work,  such  is 
the  oxeellence  of  its  arrangemeat,  as  much  information 
as  he  could  gain  by  wading  through  several  books  of  ftr 
g rentier  bMlk.'^—WeeUjf  DitpaUJL 

"*  We  have  seldom  seen  a  work  so  perfoct  in  its  arrange- 
ment, and  so  elefsnt  in  its  execution.**- FerJk  OourmnL 

*'■  For  the  accuracy  of  its  delineation,  and  the  extent 
nftbe  information  which  it  conveys,  it  stands  without 
n  rival  in  English  topography.**— Frcmsa**  JcunuU, 

*"■  Tbe  plan  of  this  useful  and  elegant  work  may.  in- 
^*H.  be  called  original.  The  style  and  execution  of  the 
Maps  are  of  the  first  character.**— H^oelsiM^f  Exeur  and 
Ptfmoutk  Oaiettt. 

**Tbis  work  is  one  of  the  most  useful  publioations 
wbich  has  yet  issued  fh>m  the  press ;  it  will  be  an  uoiqne 
and  brilliant  accession  to  the  library,  and  a  very  useful 
work  to  the  student  in  geography.**- JtMdhi/  Mtrcurf 

**  Its  analiAcatioos  will  render  it  one  of  the  most  popu- 
Inr.  highly  interesting,  and  usefol  publications  of  the 
day.**— Lieerpee/  Omritr. 


W0RK9  OF  HENRY  FIELDING, 
ur  TWO  TouTMn  8vo.,  with  a  roRTmAiT. 


WORKS  OF  TOBL^  SMOLLETT, 

IN  VwO  VOLUMES  SVO.,  WITH  A  PORT&AIT. 

Inthe  prtee. 


SELECT  SPEECHES 

OP  THK 

RIGHT  HON(mABLE  OEORGE  CANNINa 

SDim>'  BT  BOUOtT  WAIAB,  ESC). 

Wm  A  BIOOEAPHICAL  AIO)  C&ITIOAL  INTRODtKrnoif 

BT  THE  EDITMl. 
IN  ONE  TOLUKE  8vO. 

In  the  press. 


SELECT  SPEECHES 

OP  THE 

RIGHT  HONORABLE  WILUAM  HUSKISSON. 

AND  OP  THE 

RIGHT  HONORABLE  WILLIAM  WINDHAM. 

■DfTBO  BT  EOBEBT  WAL8H,  EB(^ 

WITH  A  mOGEAPIUCAL  AND  CRPriCAL   INTKODUCTIOFt 

BT  TH£  EOITOE. 
IN  ONE  VOLUME  8vo. 

In  the  press. 


MEDICIlf E»  SVRGERY9  &€• 


SURGICAL  MEMOIRS  or  m  CAM- 
PAFGNS  or  RUSSIA,  GERMANY,  and 
FRANCE.  TraDfllated  from  the  French 
of  Baaon  Lauiet.    Id  8va  with  plates. 

A  MANUAL  or  MEDICAL  JURISPRU- 
DENCE,  compiled  from  the  best  Medical 
and  Legal  Works;  comprising  an  account 
of— I.  The  Ethics  of  the  Medical  Profes- 
sion ;  IL  pbarters  and  Laws  relative  to  the 
I'Viculty;  and  IIL  AU  Medico-legal  Ques- 
tions, with  the  latest  Decisions:  being  an 
AnaljTsis  of  a  course  of  Lectures  on  Foren- 
sic Medicine.  By  Michaex*  Ryan,  M.  D. 
Member  of  the  Royal  College  of  Physi- 
cians in  London,  &c.  Fiivt  American  edi- 
tion, with  additions,  by  R.  EoLERriSLD 
Gbiftith,  M.  D.  In  8va 
**  There  if  not  a  fiict  or  importance  or  vatlae  con- 

necied  with  the  Science  of  wnich  it  treets,  that  if  not 

10  be  found  in  ifii  pagef.  The  stvle  is  unamhitiotn  bat 

dear  and  fttong,  and  f ooh  sf  oecomet  a  phikMophic 

theme."^JfoiiliQ»  Remtw. 
"  It  if  invaluable  to  Medical  Practitionert.  and  may 

be  oonsulted  safely  by  the  Legal  Profession." —  Weekly 

DUpatck, 

DIRECTIONS  FOR  MAKING  ANATOM- 
ICAL PREPARATIONS,  formed  on  the 
basis  of  Pole,  Marjolin,  and  Breschet,  and 
including  the  new  method  of  Mr.  Swan :  by 
UsHSE  PAB8ON8,  M.  D.  Professor  of  Anat- 
omy and  Surgtry.  In  1  vol  8vo.  with  plates. 

"  It  if  compiled  and  prepared  with  judgment,  and  is 
the  best  and  moft  economical  comjpanion  the  ftudent 
I  an  pufsess  to  aid  him  in  the  pursuit  of  ihif  delifhtiul 
Jepariment  of  hb  laboca." — Bo9l,  Med.  ^  Surg.Journ. 
SfpL  27. 1831. 

"This  if  unqueftionably  one  of  the  moft  useful 
workf  on  the  preparation  of  Anatomical  Specimenf 
ever  pnblisbed.  It  should  be  in  the  handf  of  every 
lover  of  Anatomy ;  and  af  attention  now  if  mora  di- 
rected to  the  formation  of  museums,  it  will  be  Ibund  a 
very  raluable  book.  Nothing  is  omilted  that  if  im- 
portant, and  many  new  formulc  are  introduced,  de- 
rived from  the  author's  experience,  and  fiom  rare 
boQ^  which  he  has  bad  the  industry  !•  collect** — 
.Y.  y.  Medical  Journal,  Avgu$t,  1831. 

A  PRACTICAL  GUIDE  to  OPERATIONS 
ON  THE  TEETH,  by  James  Snbll,  Dentist 
In  8va  with  plates. 

PRINCIPLES  or  PHYSIOLOGICAL  MED- 
ICINE,  includingr  Physiology,  Pathology, 
and  Therapeutics,  in  the  form  of  Proposi- 
tions, and  commentaries  on  those  relating 
to  Pathology,  by  F.  J.  V.  Brovbsais,  &c.  ; 
translated  W  Isaac  Hats,  M.  D.  and  R.  E. 
GRirrrrH,  M.  D.    In  8vo. 

ELEMENTS  or  PHYSIOLOGY,  by  Robley 
DuifGLisoN.  In  2  vols.  8ro.  with  numerous 
illustrations.    (In  the  press.) 

PRINCIPLES  or  SURGERY,  by  John  Syme, 
Professor  of  Sureery  in  the  University  of 
Edinburgh.     In  8vo. 

PRACTICAL  REMARKS  on  the  NATURE 


JtOSCELLAIfEOUS. 


GREEK  AND  ENGLISH  LEXICON.  B^D 
DoNNEOAM.  Abridged  for  the  use  of 
In  1  vol.  royal  ISmo  containing  nev] 
pages. 

This  work  if  printing  on  a  buMhaiM  diMiMt  t^e 
and  will  contain  af  mwA  matter  ssntiif  of  Aelivt 
leiiooos;  butowingto  theibrmiawliiaitii|id(i 
will  be  sold  at  such  prioe  as  to  be  witbin  the  md 
of  all  students.  It  will  ofier  more  adTtDttgei  f^ 
young  ftudent  than  any  other  lexicon  nowinat  TV 
vocabulary  if  more  extenrive  sni  eompl«te-c<B^» 
ing  not  only  HtMdf  found  in  theclssiicf.btfuiMira 
af  are  found  in  tbe  writings  of  Hippocntei  mw 
Greek  Phjfidanf.  Tbe  meaning  attseWlBSW 
by  the  several  writers  are  also  given. 

Words  are  given  in  alphabetictl  oritf  m  <«! 
poetical  and  dialectic  %-ariety. 

The  conjogatioD  of  verbs  and  flfctioorf  ■■».*« 
more  complete  than  in  other  lexicons  H»"*"JP 
of  words  fnller  and  more  correct— (hew  hj  ■■ 
a  priniary  and  then  a  seoondaiy  ^^•"jfv'JiJJ 
tinguished  from  the  roeiaphorcial  sod  ■■■?* 
Phrases  are  also  given  when  they  note  tnyp«»g 
ki  fignificaiion-  The  etymology  of  ]Wf*  "!Jv 
oniued  where  it  if  oonfufed  or  *^*»-  ^Jy 
nothing  left  out  which  the  yonn^  ■^"Tli!!!!!!! 
necesaary  in  studying  thcClfSBei.siidwIijyww' 
enable  him  to  undersiand  the  \nenimn<^^ 
In  short,  in  this  work  the  e«enrial  "J^T*  "^ 
good  Dictionary  are  combined  with  *««'« I" 
Grammar— advantages  not  found  ia  inf  ws»  ■* 


Cngliah  lexicon  now  used. 

ELEMENTS  of  MBCHANIC&  Bf  J^ 
RENwinj,  Esq.  Profeflsor  of  Natmi^^ » 
Experimental  Philosophy,  Colombia  CoU^ 
N.  Y.    In  8vo  with  nomeroos  w*,^^ 

"  We  think  this  decidedly  the  *f*  ^JJ^"  * 

chanicf.  which  haf  iffued  fr«*«^SfSdS 
that  we  have  feen ;  one.  too,  ttot  »  •hte  owQ^ 

to  the  writer,  and  to  the  f  tate  of  soeoce  «  "» '^ 
try.**— American  Qtiarterbi  jRww* 

TREATISE  ON  CLOCK  aw)  WATCfrM-A- 
KING,  Theoretical  ^,,^^u2, 
Thomas  Reid.  Edinbuiyh  ^^^ 
her  of  the  Worshipfol  Company  of  w«j 
Makers.  London.  Royal  Bra  Illu*«t^*^ 
numerous  plates. 

MILLWRIGHT  am>  MID^  g 
By  Oliver  Eta!w.  New  BdrtwjjWw  ^ 
ditions  and  correcUons,  by^^he  n«J^ 
Mechanics  in  the  Franklin  I«^*""l"^ 
sylvania,  and  a  deacripUon  of  •«  ^ 
Merchant  Flour-MiU,  with  e^^"" 

C.  &  O.  EVAKS. 

GEOLOGICAL  MANUAL  ^^'^ 
Bbche.  In  8vo,  with  nuiDCTMi  •^^ 
"  i  xfOTk  of  frsr-nHc  importance  in  Ae        |„ 


AND  TREATMENT  of  FRACTURES  op  «Mk  wiih 


THB  TRUNK  AND  EXTREMITIES;  by 
Joseph  Amesbubt,  Surgeon.  In  8va  with 
plates  and  wood-cuts.    (In  the  press.) 


which  it  relaicf .  and  wliich  ^^*^,"l7YnGeelffff- 

place  in  tbe  library  of  every  •i"^«"*  ""^ 

PhiL  Magazine.  \»^^ 

-  Mr.  De  la  Beche's  Gwlop«[^*^'^^  b 

and  best  Work  of  the  kind.  ««*  ^JT  iW  fc»  ^ 
a  perfect  too«l?Jge  jf^^j^ 

•...-  ;«  ru/mnnner  o(  doing  •'•__ifli» 


ascerlfined  „.  ,  h*™  •«  ~    .^ 

ment  and  nwte  in  the  monn^AJf'SiMi^* 
geological  science  was  never  before  w«r 
small  a  epace."— ^fperfo/or. 


"  The  •dilon  and  jpobliiheii  ■hooki  rooeiye  the  thanki  of  die  preeent  senentkni,  and  the  gratitode  of 
■oelMili,  Ar  baioc  the  fint  to  prepare  m  tfaia  hmgoMe  whal  deeenree  to  be  eatided  not  the  SNCTCLO. 
PJmJi  AB^UCANA,  hot  the  noru'i  umMtr—N.  Y.  Courier  imd  Eit^drer. 


Jutt  Published^  by  Carey  4*  ^^^ 

And  mU  in  Philadelphia  bfE.L.  Carey Jr  A.  Hart ;  in  New-Toik  byO.^C.fH.  CarviB ;  in  Boaton 
hfCeHmflkMdee;'m%ilimiin'bfKJ.(kaU,±^.^J.Neid;  inWaahington  1^7%<«nMm^llbnlan«; 
iBRidlIB0lMib)r«l:H^bM;inSllvannahty  11^.7.  ¥mumu;mCbMi]s»\imhfw.KB^ 
by  IF.  MKmmi  m  Mobile  by  Odiame^t  SmiA;  and  by  the  principal  bookiellen  throo^Mmt  the  UnioiL 

VOItUBBB  9,-OOVTAXVnrCI  ABOUT  1,600  AKTXOUBS, 

(7b  be  coeiibiMei  at  txtervde  ef  three  tnaiUhSt) 

OF  THK 

ENCYCLOPEDIA  AMERICANA: 

A 

POPULAR  DICTIONARY 

Of 

ARTS.  SCIENCES,  LITERATURE,  HISTORY,  AND  POLITICS.      . 


»ewN  T»  TUB  pa 


TIMB,  AMD   UKimOMQ  X  OOnOOt  OOLLBCTION  Of  OSIOIVAL  ARTIOLU  III 


AMERICAN  BIOGRAPHY: 
On  the  basis  of  the  Seventh  Edition  of  the  Qemum 

CONVEBSATIONS-LEXICON. 


Enmo  BY  FRANCIS  IJEBER, 

▲MItTXO  BT 

E0WARD  WIGGLESWORTH  And  T.  G.  BRADFORD,  Eaoas. 


IN  TWELVE  LARGE  TOLVMBS.  OCTAVO,  PRICE  TO  SUBSCtlBESfi,  BOUND  IN  CLOTH. 

•     TWO  DOLLARS  AND  A  HALF  EACH. 

KACB  TOLUm  COMTAINB  BITWEKN  600  AND  700  PAGIB. 


**THB  WORLD-RENOWNED  CONVERSATIONS- 
LEXfCONr^JBAiOwYA  Rnitm. 

^  **  To  Mipenede  cumbrona  BiMiyelop«dias,  and  paC  within 
tiM  reach  of  thepoofcat  man,  a  ctmpUt$  Ukrerf^  equal  to 
about  fortv  or  flitr  food-aiaBd  oetavoa,  embraeinc  every 
paanMeanlifeet  ofinteiait  to  the  nurabar  of  90,000  in  ail— 
provided  he  can  qpaie  either  IhNn  hia  earninga  or  his  ex- 
tra vafaaciee,  ivaKy  c««l«  a  week,  for  three  yeara,  a  library 
so  contrived,  ae  to  be  equally  euited  to  the  learned  and 
the  unlearaed,-Hhe  mechanic— the  merchant,  and  the  pro- 
feMional  man.**— JV*.  T.  Omrimrmndinfuirtr. 

*'  The  repnution  of  thia  valuable  work  haa  augmented 
with  each  volume;  and  if  the  dnanitnoua  opinion  of  the 
preaa,  uttered  from  all  quarters,  be  true,  which  in  this 
instance  happens  to  be  the  case,  it  is  indeed  one  of  the 
best  of  pohlieations.  It  should  be  in  the  possession  of 
every  inlalll|Bnt  bmui,  as  it  is  a  library  ia  itseli;  compris- 
inf  an  inuaeoas  maas  of  lore  apon  almost  every  possible 
sttidect.  and  in  the  cheapest  poanble  form.'*— A:  F.  Mmr. 

*'  Witaesssa  ham  every  part  of  the  coaatry  cooearred 
in  dedarinf  that  the  Sncyeio|NBdia  Americana  was  in  a 
fhir  way  todeinrade  the  dignity  of  learning,  and  especially 
tbe  learning  of  EncyclopiMlias.  by  making  it  toe  cJUsn— 
that  the  multitudes  of  all  dames  were  infataated  with  it 
in  saying  in  so  many  Words  ftom  the  highest  to  the  low- 
est, *  the  mon*  we  see  of  the  work  the  betUr  w«  like  it*  '* 
— JV*.  T.  ObarMT  tmd  In^ir^r. 

**  The  articlea  (n  the  preseat  volame  aapser  to  us  to 
evince  tbe  same  ability  nnd  research  which  gained  so 
(bvoraUe  a  recaption  for  the  work  at  its  commencesBent. 
The  jSfpndix  to  the  volume  now  bslbre  us.  cooiaining  an 
account  of  the  Imdien  Leng%ag9$  9f  Amniat^  roust  prove 
highly  interesting  to  the  reader  in  tbls  country ;  and  it  is 
at  enee  remarkaUe  as  a  speciagen  of  hiitory  and  philology. 
The  work  altogether,  we  may  again  be  permftted  to  ob- 
serve, reflects  distinguiahsd  cieait  apon  the  literary  and 
scieatiflc  character,  as  well  as  the  scholarsbip  of  our 
eoantry.**— GUr/Mfsn  CmuUr. 

**  The  copiouB  informatioa  which  this  work  aflbvds  on 
Americaa  suldects.  Ailhr  jnatiflea  its  title  of  an  American 
Dictionary;  while  at  the  same  time  the  extent,  variety, 
and  felidtoaa  ditposition  of  Its  tt^iics,  make  It  tbe  most 
convenient  and  satisAKtory  Encyclopadia  that  we  bare 
ever  9etn.**—Mhtiam^  JtmmeL 

**  If  the  succeeding  voluBMa  shall  equal  ia  merit  the 
one  befcra  oe.  we  may  coafldeatly  aatieipate  for  the  work 
a  reputation  and  uaeAilnaas  which  ou|^  to  aeoors  for  it 
the  mast  flatiaring  eacouragaaMnt  ana  patronage."- fW- 
frc/Oatstts. 

**  A  compendiena  library,  aad  lavaluaMa  book  ef  tettr- 


"  The  variety  of  topics  is  of  course  vast,  and  they  are 
treated  in  a  manner  which  is  at  once  so  full  of  informa- 
tion and  so  interesting,  that  the  work,  instead  of  being 
merely  referred  to,  might  be  regularly  perused  with  as 
macb  pleasure  as  profit**- £a/ti«iar«  Am*riean» 

*'  We  view  it  as  a  publication  worthy  of  the  age  and  of 
the  country,  and  cannot  but  believe  the  discrimination  of 
our  countrymen  will  sustain  the  publiahers,  and  well  re- 
ward them  for  this  contribution  to  American  Literature.** 
— BsAiaiers  PatrUL 

*'  It  reflects  the  greatest  credit  on  those  who  have  bean 
coDceraed  in  its  produdton.  and  promises,  in  a  variety  of 
respects,  to  be  lbs  best  as  weU  as  the  most  compendious 
dictionary  of  tbe  arts,  sdenoes,  history,  politics,  biogra 
phy,  ftc.  which  has  yet  been  comniled.  The  style  of  the 
portion  we  have  read  is  terse  and  perspicuous;  and  it  is 
really  curious  how  so  much  scientific  and  other  informa- 
tion could  have  been  sn  satisfkdorily  communicated  in 
Buch  brief  limits."— A*.  Y.  Ecntivg  P9§L 

"llioee  who  can,  by  any  honest  modes  of  economy, 
reserve  tbe  sum  of  two  dollars  and  fifty  cents  quarterly, 
tkam  thdr  family  expenses,  may  ray  for  this  work  as  fast 
as  it  Is  published ;  and  we  confidently  believe  that  they 
will  find  at  the  end  that  they  never  piirrhased  so  much 
general,  practical,  useful  information  at  to  cheap  a  rate." 
— J<ninf«/  ^Edncetitn, 

"  If  the  encoorajpment  to  the  publishers  tfmald  corres- 
pond with  tbe  testimoey  in  fiivor  of  their  enterprise,  and 
the  beantlfU  and  foilhful  style  of  its  execution,  the  baaard 
of  the  undertaking,  bold  as  it  was,  will  be  well  compen- 
sated ;  and  our  libraries  will  be  enridied  by  the  most  gene- 
rally useful  encyclopedic  dictionary  that  haa  beea  ofibred 
to  the  readers  of  tbe  English  language.  Full  enough  for 
the  general  scholar,  and  plaia  onoogh  for  every  capacity, 
it  is  for  more  convenient,  in  every  view  and  fonn,  than 
its  foore  expensive  and  poaderous  pvedecesaors.**— ^sisri- 
ean  Fermer, 

*'Tbe  high  repniation  of  th?  contributors  to  this  work, 
will  not  nil  to  insure  it  a  faToraUe  reception,  and  ita 
own  merits  will  do  tbe  rest.**— 4liti«ittii'«  J««ni. 

**  The  Encylopadia  Americana  Is  a  prodigious  Imarove- 
ment  upon  all  that  has  gone  before  it ;  a  thing  for  our 
country,  as  well  as  the  country  that  gave  it  birth,  to  be 
proud  of;  an  inexhaustible  treasury  "^t  usefVil,  pletasant, 
and  fomiliar  leamina  on  every  poasiMesnltJed,  so  arranged 
as  to  be  speedily  ano  safol^  re»rred  to  on  emergency,  aa 
well  as  ou  deliberate  inquiry;  and  better  still,  adapted  te 
the  undersuudinir.  and  put  within  the  reach  of  the  mul- 
titude. •  «  «  The  Bncydopadla  Americana  is  a  work 
witbeut  which  no  library  worthy  of  the 
after  be  made  up.**— y«nJ»e. 


ENCYCLOPEDIA  AMEMCANA. 


•«  TiM  WQfk  wm  be  a  valMUe  poMeMtoa  to  cmy  tesilf 
■  iadiTidBal  that  ota  alfcii  to  porebMe  it ;  aa«  we  take 
eamre,  tbaicfcta,  la  eitendiaf  tbe  kaowledge  of  ita 
arita.'*— AkKiMi  HtMtgmtftr. 

"This  work  appean  to  inproTv  as  it  imea  fhm  the 
tm.  Tbe  number  of  able  writcra,  who  eontribnte  orl- 
nal  matter  in  all  the  deparunente  of  Hteratnre  and  id- 
ice  ia  amply  eafleient  to  give  it  celebrity  and  high  cbar- 
;ter.  To  awn  eofaged  in  the  active  pursuits  of  life— 
hoee  tiBM  ia  preeiooe— this  popilar  dteUonary  ia  a  most 
KlaaMe  and  ready  mode  of  reibreaoe.  It  embraeee  brief 
lews  and  iketdwe  of  all  the  late  discoveries  in  science— 
od  tbe  preeent  condition  of  literature,  politica,  kc  kc 
Irery  merchaara  coantine-room  every  lawyer's  library 
-every  mechaaie— every  mrmer  oafht  to  poasees  a  tagy 
r  tbis  useika  and  valoabia  work-^^OniHer. 

"  From  the  specimen  which  has  already  been  riven,  we 
■ve  no  hesitation  in  aayinf .  that  in  retard  to  intalli- 
ence,  skiU,  and  IkithlU  dllifence.  it  is  a  work  of  the  very 
if  best  order.  We  know  of  no  similar  publication  that 
in  bear  any  ooanarison  vrith  it  for  the  rich  variety  of 
aluable  inlbrmation.  which  it  ooodenaes  within  so  small 

eompasB.  It  is  free  from  an  tiie  narrowness  of  English 
rejudioe.  it  eontaina  many  imporUnt  and  interesting 
dUils  wbieh  can  be  fbund  ia  no  £nglish  production,  and 
I  a  work  which  coaM  be  written  by  none  but  German 
sholars,  mon  than  two  hundred  of  whom  wore  employed 
1  the  original  eampUatioa.**— Bsffea  Oksrver. 

"  TWs  oannot  bat  prove  a  valuable  addition  to  the  lite- 
■ture  of  the  age.**— JMrr.  Aivtrtiser. 

"  Tbe  vast  cireulatioa  this  work  has  had  in  Europe, 
rbere  it  has  alrsady  been  reprinted  in  fbur  or  five  Ian- 
uagea,  not  to  qieak  of  tbe  numerous  German  editions. 
f  wbicb  ssvan  have  been  jpublisbed,  speaka  loudly  in 
■vor  of  its  intrinsie  merit,  without  which  such  a  celebrity 
ouM  never  have  been  attained.  To  every  maa  engaged 
n  pablie  busiaesB,  who  needs  a  correct  and  ample  book 
f  retbrence  on  varioas  topics  of  science  and  letters,  tbe 
Sncyclopcdia  Americana  will  be  almoet  invaluable.  To 
ndividuals  obliged  to  go  to  situations  where  books  are 
leither  numerous  nor  easily  procured,  tbe  rich  contents 
>f  tbeee  twelve  volumes  will  prove  a  mine  which  win 
unply  repay  its  porobaser.  and  be  with  difficulty  exhaust- 
id ;  and  we  recommend  it  to  their  patronage  in  tbe  full 
xmvietion  of  its  worth.  Indeed,  it  is  difficult  to  say  to 
irhat  class  of  readers  sueh  a  book  would  not  prove  usefbl, 
lay,  almoat  Indispensable,  since  it  combines  a  great 
unonnt  of  valuable  matter  in  small  compass,  and  at 
noderate  expense,  and  is  in  every  respect  well  suited  to 
ingment  the  reader's  stock  of  ideas,  and  powers  of  con- 
rersation,  without*  severely  taxing  time  or  fttiguing 
ittention.*'— ^fsi.  IMilf  jfdesrtiMr. 

"  The  department  of  American  Biosraphy,  a  subject  of 
which  it  should  be  disgraceAil  to  be  ignorant,  to  the  de- 
tree  that  maay  are,  is, In  this  work,  a  prominent  feature, 
and  has  received  the  attention  of  one  of  the  most  inde- 
fktigaUe  writers  in  this  department  of  literature,  which 
the  present  age  can  ftimish."— Besten  Comritr. 

"  Aeeoidinf  to  the  plan  of  Dr.  Lieber,  a  desidaratum 
will  be  supplied ;  the  snbstanee  of  contemporary  know- 
ledge will  be  brought  wHhin  a  sbmII  compass ;— and  tbe 
character  and  uses  of  a  manual  will  be  imparted  to  a 
kind  of  publication  heretofore  reserved,  on  strong  shelves, 
fur  occasional  relbrenoe.  By  thoae  who  understand  tbe 
German  language,  the  Otnvtn^ion  Lexicon  is  consulted 
ten  times  for  one  application  to  4ay  English  EncjdopB- 
dia.*'— AUtieaa/  OmietU. 

"  Tbe  volnroe  now  uablisbed  is  not  only  highly  honor- 
able to  the  taste,  ability,  and  industry  of  its  editors  and 
publishers,  but  furnishes  a  iiroud  sample  of  tbe  accuracy 
and  elegance  with  which  the  anost  elaborate  and  impor- 
tant literary  enterprises  may  now  be  accomplished  in  our 
country.    Of  tbe  manner  in  which  the  editors  have  thus 


Mou  tfaMi  half  of  die  Tolmea  of  ^ia  imkw 
DOW  before  die  paUic,  and  tbe  reo*|ilioB  duy  ban 
met  ¥»idk  ia  die  beat  evidenoe  diat  the  pufalHbeti  bsiv 
ftilfiUad  the  proauBea  made  et  im  uqi—n 
now  only  to  promiae,  for  the  editon  and 
that  DO  exertiOD  shall  be  apered  to  render  the 
ing  Tolumea  eqnal  to  thoae  aUesdj  paUiibei  mi 
dnia  anatain  the  repiitatien  it  haa  aoquved.  Hkb^ 
acriplioB  ia  laiga,  and  increaaing ;  and  mAoaafa^ 
ten  where  in  cirenliiion  is  graaiaat,  and  whvtss 
batt  known,  there  ia  a  ceatfanil^ 
Tbe  pabliahers  invite  die  attentioQ  of  thoae  wheasy 
not  alreadv  have  poaaeaadd  themaelvaa  of  ii»« 
not  have  had  an  opportoni^  id 
with  its  merita,  to  the  foUowi 
final  work,  upon  which  it 
fenned  by  the  Edinburgh  ReTie 

THK 


WORLD-kENOWNKD 

LEXlOOIt. 

It  m'as  intended  to  supply  a 
the  chancter  of  the  age,  in  which  the 
tradea,  and  the  rarioua  forma  <rf*  knowledge  tad  d 
active  life,  had  beoone  ao  modi  eAeodad  ad  ^ 
versified,  that  no  individoal  eogaxed  in  hiMiwwsfci 
become  well  acauainted  with  all  snl^feck  of  fanJ 
intereat ;  while  the  wide  difituion  of  mforaaWRo- 
dered  such  knowledge  esaential  to  the  chartdvof 
an  accomplished  man.  Thia  want,  no  existing  aaib 
were  adequate  to  supply.  Books  treatiiv  of  parti^sr 
branches,  auch  as  gazetteers,  &c.  were  too  cadae^ 
in  character;  while  volominoua  Elncydopeedim  wm 
too  learned,  acientific,  and  cimibroaa,  bei^g  tmiSa 
elaborate  treatiaes,  requiring  much  wtadf  ^''Jf^^*" 
acquahitance  with  the  aubject  dim  iisawrf  The  tm- 
doctors  of  the  CoNVotSATiON  Lkziooh  cndcavoe^ 
to  aelect  from  every  branch  of  knowledge  what 
necessary  to  a  welUnformed  mind,  and  to  nve  pip 
lar  vieu-s  of  the  more  abatmae  branches  of  b 
and  acience ;  that  their  readera  mig^  not  be 
moded,  and  deprived  of  pleaaare  or  impfoveaat^ 
ignoiance  of  focfis  or  ezpresaoM  oaed  in  books  a  A- 
veraation.  Soch  a  \%t>rk  mtat  obvionsiy  be  of  P* 
utility  to  every  claas  of  reedera.  It  baa  hteawat 
80  much  80  in  Germany,  that  it  ia  met  witb  enrr- 
where,  among  the  learned,  the  lawyera,  the  vSop 
artiata,  merchanta,  roechanica.  and  ii>en  of  all  man* 
The  reader  may  judge  how  well  it  ia  adapted  a  • 
object,  &om  the  circumstance,  that  though  it  aie 
conabts  of  twelve  voluroea,  seven  editions,  compaa^ 
about  ONE  nuNDRko  thousaftd  copna.  have  bw 
printed  in  less  than  fifteen  yeara.  It  haa  beea  t*» 
fated  into  die  Swedish.  Demah  and  Dnich  lum«- 
and  a  French  translation  is  now  prepaimc  in  n» 

In  the  preparation  of  the  American  emtioa,  ao  e- 
penae  has  been  spared  to  secure  the  ablest  mntmn- 
ai^  the  editon  have  been  aided  by  nuuiy  geml^tt 
of  distinguished  ability.  ____■ 

The  American  Biography,  which  ia  very  exteaam 
has  been  furnished  ^  Ma.' WAi;m,  who  has  kngH 
particular  attention  to  that  branch  of  our  BisniaK- 
and  iforo  materials  in  the  collection  of  which  be  im 
been  en^ged  for  some  ycnrs.  For  ohvioos  naio» 
the  noUces  of  distiiiguiBhed  Americans  are  oob- 
fined  to  deceased  indivkluals:  the  European  H^ 
phy  contains  noticea  of  all  distinguiahed  liTi^g(Bl^ 
acters,  as  well  as  thoae  of  paat  timea. 


**It  eontinoes  to  be  particnlarly  rich  in  the  depart- 
menu  of  Biography  end  PTatural  History.  When  we  look 
at  the  large  mass  of  miscellaneous  knowtedre  spread 
before  tbe  reader,  in  a  form  which  has  never  been  equalled 
for  its  condensation,  and  conveyed  in  a  style  tbat  cannot 
be  fforpaased  for  p.'-opriety  and  perspicuity,  we  cannot  but 
tbink  tbat  tbe  American  Encyclopaedia  deserves  a  place  in 
every  collection.  In  which  works  of  refbrence  form  a  por- 
tion."—£»K/A«m  PaJtritt. 

"  By  for  the  best  work  of  the  kind  ever  oflbrad  for  sale 
in  this  country  ."~cr.  B.  G*i. 


for  completed  their  u«k,  it  is  impossible,  in  tlie  course  of  The  amclee  on  Zoology  and  the  variovs  ta"** 
a  briefnewspaper  article,  tespeak  with  adequate  Justice."  of  Natural  Science,  and  those  on  CheoniCiy  v 
—Bmun  BulUtin.  Mineralogy,  have  been  prepared  expreasly  nr  ^ 

work  by  gendemen  diatinguiahed  in  the  sevetal^ 
partments. 

In  relation  to  the  Fine  Arts,  the  work  ii  exceedog^ 
rich.  Great  attention  was  given  to  this  ja  ibeGeiais 
work,  and  the  Editors  have  been  ansooatoiea^^ 
by  the  necoawry  additions,  aa  perfoet  aa  iiamiHw 

To  gcnUeraen  of  the  Bar,  tbe  work  m  be  pecs- 
liarly  valuable,  as  in  caaea  where  l^al  solfecti  f^ 
treated,  an  account  is  given  of  Enghah,  French,  G** 
man  and  American  Law. 
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Now  pubUthing  by  Cearey  and  Lea,  and  for  sale  by  all  BoukaeUen. 


Tbu  work  win  fonn  a  ptHwlar  epmpendiom  of  what* 
ever  it  asefol.  iMtmetlTe,  ana  interaslinf ,  in  Um  eirde  of 
humaii  knowladfs.  A  novel  ptaa  of  paMication  and  ar- 
raofement  *1mu  Men  adopted,  whieb  preeenti  peculiar 
advantages.  Wltboat  ftilly  detaifing  tlie  metbod.  a  few  of 
tbeee  advantaget  may  be  mentioned. 

Each  volume  will  contain  one  or  more  aabjeeta  aainter« 
ropced  and  unbroken,  and  will  be  accompanied  by  the 
corresponding  plates  or  other  appropriate  iUustranons. 
Facility  of  reference  will  be  obtained  witiiottt  fetteriiM 
the  work  by  a  continued  alphabetical  arrangement.  A 
subscriber  may  omit  particular  volumes  or  sets  of  v<4« 
nmes,  without  dtsint^atinc  his  series.  Thus  each  pur- 
chaser may  Ibrm  ftom  the  "(LiBmT  **  a  Cyclopedia,  more 
or  less  compreliensive,  as  may  suit  his  means,  taste,  or 
profession.  If  a  subscriber  desire  to  dieeontinue  the  work 
at  any  stage  of  its  publication,  the  volumes  which  be 
may  have  received  will  not  lose  their  value  1^  separation 
flrom  tiM  rest  of  the  worlc,  since  they  win  always  either 
be  complete  in  themsdves,ormay  be  made  so  at  a  trifling 
expense. 

The  purchasers  will  never  find  their  proper^  in  this 
work  (wstroyed  by  the  publication  of  a  seoemi  edition. 
The  arraniement  is  such  that  particular  volumes  may 
be  re.edited  or  rewritten  without  disturbing  the  others. 
The  *'CxBiHrrCTCLOPcmA"  win  thus  be  1  a  a  suteof 
ooatinoal  renovation,  keeping  pace  with  the  never-ceas- 
ing improvements  in  knowledge,  drawing  within  its 
circle  from  year  to  year  whatever  is  new,  and  easting  off 
whatever  is  obsolete,  so  as  to  form  a  constantly  modern- 
ized Cyclopedia.  Such  are  a  few  of  the  advantages  which 
tbo  proprietors  have  to  oflfcr  to  the  puUic,  and  which  they 
pledge  themselves  to  realire. 

IVeatises  on  sulii}ects  which  are  teelmical  and  profes- 
sional will  be  aoapted,  not  so  much  to  those,  who  desire 
to  attain  a  practical  proildeney,  as  to  those  who  seek 
that  portion  of  information  respecting  such  matters  which 
is  generallv  expected  (mm  well-educated  persons.  An 
interest  will  be  imparted  lo  what  is  abstract  by  copious 
illustrations,  and  the  sciences  wiU  be  lender^  attractive, 
by  tfeating  them  with  refifreocs  to  tlie  most  Ainiliar  ob- 
jects and  occurrences. 

The  unwieldiy  buHc  of  Encyclopedias,  not  less  than 
the  abstruse  discuMions  which  they  contain,  has  hitherto 
consigned  them  to  the  library,  as  works  of  only  occasional 
reference.  Tha  present  worit,  ttom  its  oOTtaUe  form  and 
popular  style,  will  claim  a  piaoe  in  the  drawing-room  and 
the  boudoir.  Pnrming  in  itwlf  a  OraifMs  J.ikwf,  af- 
fording an  extensive  and  infinitely  varied  store  of  in- 
stTuctum  and  amusement,  presenting  Just  so  much  on 
every  sut^ect  ss  those  not  profewtonally  engaged  in  it 
require,  convenient  in  size,  attractive  in  fbrm,elttant  in 
illustrations,  and  most  moderate  in  expense,  the  "C^imar 
CrcLOPMnu"  will,  it  is  hoped,  be  found  an  ot^jtei  of  para- 
mount interest  in  every  family. 

To  the  heads  of  schools  and  all  places  of  public  educa- 
tion the  proprietors  trust  that  this  work  will  particularly 
recommend  Itself 

It  seems  scarcely  necessarv  to  add,  that  nothing  will 
be  admitted  into  the  pages  of  the  **  CAmiorr  CrcLOPJBMik'* 
which  can  have  the  most  remote  tendency  to  oflbnd  public 
or  private  morals.  To  enforce  the  cultivation  of  religion 
and  the  practice  of  virtue  should  be  a  principal  object 
with  all  who  undertake  to  inform  the  public  mind ;  but 
with  the  views  Just  explained,  the  conductor  of  this  work 
feels  these  considerations  more  eraeciaUy  pressed  upon 
his  altentinn.  Farsnts  and  guardians  may,  therefore, 
rest  assured  that- they  will  never  And  it  necessary  to  place 
a  volume  of  the  '*  CABiifBT  **  beyond  the  reach  of  tbeir  chil- 
dren or  pupils. 


CoRtiDctABLE  progfesB  having  been  made  in  this 
woriu  the  publiahen  wiah  to  direct  the  attention  of 
tbe  pi&blic  to  the  advantages  bv  which  it  it  diatin- 
guitliad  fltn  other  similar  monthly  publications. 


mtereat  which  may  ptaaont  kielf  from  time  ta  time 
can  claim  a  place.  Its  aal^ecta  are  daasified  accord- 
iog  to  the  uiaal  dinnooa  of  litentore,  adenoe,  and 
ait  Each  division  is  diacinctlv  traced  ont,  and  will 
ooniiat  of  a  detaiminate  number  of  volumes.  Al- 
diough  die  preciae  extant  of  the  woA  cannot  be  fixed 
with  eertaintyr  yet  there  »  a  limit  which  will  not  be 
exceeded;  and  the  suhacribe^  may  locA  Ibrward  to 
die  posaoasion,  witbiu  a  reasonable  time,  of  a  compete 
library  of  inatructioo,  amusement,  and  general  refer- 
ence, in  the  regnhir  form  of  a  popular  Cydonedia. 

The  several  claasea  of  the  work  are— 1,  NATURAL 
PHILOSOPHY;  8,  The  USEFUL  aad  FINE  ARTS; 
3.  NATURAL  mSTTORY;  4,  GEOGRAPHY;  6, 
POLITICS  and  M0RAU3;  6,  GENERAL  LITE- 
RATURE  and  CRITICISM;  %  HISTORY f  8, BI- 
OGRAPHY. 

In  the  above  abstmse  and  technical  deportraents 
of  knowledge,  an  attempt  has  been  made  to  convey 
to  the  reader  a  general  acquaintance  with  diese  sub- 
jecta,  by  the  uae  of  plain  and  femiUar  language,  ap- 
ptppriate  and  well-executed  engravingB,  and  copious 
examplee  and  illustrations,  taken  from  olgects  and 
events  with  which  every  one  is  acouainted. 

The  proprietors  formerly  pledged  themselves  Uiat 
no  exertion  should  be  sparoa  to  ootmn  tbe  support  of 
the  moat  distinguished  talent  of  the  age.  They  trust 
that  they  have  redeemed  that  pledge.  Among  the 
volumes  already  published  in  the  Ihenry  department, 
no  leas  than  four  have  been  the  productioB  df  men 
who  stand  la  the  first  rank  of  literary  tident,— Sir 
Jamee  Mackintoah  and  Sir  Walter  Scott  In  the  sci- 
entific deportment,  a  work  has  been  produced  from 
the  pen  or  Mr.  Herach^  which  iun  been  prononnoed 
by  the  highest  liring^  authority  on  sulgecta  of  general 
pniloeophy,  to  contam  **  the  noblest  ofaaervaaons  on 
the  value  of  knowledge  which  have  been  nmde  since 
Bacon,*'  and  to  be  **  me  finest  work  of  pUlesopiucal 
genius  which  ikoM  age  has  seen.*' 

7^/o2Ioiotn^  is  a  tdection  from  Ike  lift  of  CcntrHtttors, 

The   Right  Honorable   Sir  JAMES  MACKIN- 

TO^M-P. 
The  Right  Rev.  The  Lord  Bishop  of  Cloyue.  j 

Sir  WAXTER  SCOTT,  Bart 
JOHN  FREDERICK  WILLLIM  HERSCUEL, 

THcSilAS  MOORE,  Esq. 

J.  B.  BIOT,  Member  of  the  French  Institote. 

R(ffiERT  SOUTHEY,  Eaq.  Poet  Laureate. 

The  Baron  CHARLES  DUiPIN,  Member  of  the 

Royal  Inatitute  and  Chamber  of  Deputies. 
THOMAS  CAMPBELL,  Esq. 
T.  a  MACAULEY,  Eaq.  M.  P. 
DAVID  BREWSTER,  LL.D. 
J.  C.  L.  SISMONDI,  of  Geneva. 
Capt  HENRY  KATER,  Vice  Proaident  of  the 

Rojral  Society. 
The  ASTRONOMER  ROYAL. 
DAVIES  GILBERT,  Esq.  M.  P. 
&  T.  COLERIDGE,  Esq. 
JAMES  MONTGOMERY,  Esq. 
The  Right  Hon.  T.  P.  COURTEN  A  Y,  M  P. 
J.  J.  uSRiZEUUS,  of  Stockbohn,  F.  R.  S.,  dec. 
The  Rev.  G.  R  GLEIG. 
T.  PHILLIPS,  Esq.  Prof,  of  hunting.  R  A. 
Rev.  C.  THIRLWALL,  FeUow  of  Trinity  College, 
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**  or  TUB  MAMT  WOBXS  WBIOB  MAYM  BDUr  LATBLT  PVB- 
hUmmO  in  NUTATION,  OB  OR  TBB  PLaH  ASOFTBO  BT  THB 
■OCIBTT  POB  TUE  DirPOHOV  OP  OISPCI.  KMOWLSDOK,  DB. 
liAROWBB't  GTCIiOPiCDlA  !•  BT  MOCH  THB  MOST  TaUJA- 
BLB,  ABO  TRK  MOST  BKOOMMKIfBBO  BT  OimKeUISHBO 
▲MtBTABCB,  SClBNTinC   AND  UTBBABT." 

Sdinkurgh  Htvitw. 


HISTOaT  OF  BHGLAWD.   Bjr  Sir  J«meB 
Ma^^ktntosh.   la  8  Vols*   Two  Tola*  pub- 

**  In  tbe  Ant  rolume  of  Sir  Jtmefl  MaeUntoth's  His- 
torjr  of  Enftand,  we  find  enough  to  warrant  the  antici- 
potioiu  of  tbe  public,  that  a  eain  and  luninoua  friiiioso- 
phy  will  diffuse  itaolfover  the  long  narratire  of  our  Brit- 
ibU  Hiatory."— £diNtety*  MUoitw. 

**  lo  thia  polame  Sir  JaiMS  Mackintosh  Ailly  deirelopea 
tbooe  fteat  powers.  Ibr  tbe  possession  of  which  the  publie 
have  long  f  iven  him  credit.  The  rsBolt  is  the  ablest  ooa- 
mentary  that  has  yet  appeared  in  our  lanj uafe  upon  some 
of  the  most  important  circumstanoes  of  Eogush  History.** 
— jSUas. 

**  Worthy  in  the  method,  style,  and  reltections,  of  the 
BQthor's  high  reputation.  We  were  particularly  pleased 
with  his  high  vein  of  philosophical  sentiment,  and  bis 
oceasional  survey  of  contemporary  annals.**— AWtiMa; 
Omxetts. 

*-  If  talents  of  the  highest  order,  long  experience  in  po^ 
UUcB,  and  years  of  application  to  the  study  of  history 
and  tbe  collection  of  information,  oin  command  superi- 
ority in  a  historian,  Bir  James  Mackintosh  may,  without 
readinjt  this  work,  be  said  to  have  produced  the  best  his- 
tory of  this  country.  A  parusal  or  the  work  will  prove 
that  those  who  anticipated  a  sap^or  iroduetion.  have 
not  reckoned  in  vain  on  the  high  qaaullcationB  of  the 
aattaor.'*— OniHsr. 

**  6ur  anticipations  of  this  volume  were  eertainfy  very 
highly  raised,  and  onHke  such  anticipations  in  goieral, 
tbt*y  iMve  not  been  disappointed.  A  philosopbical  spirit, 
a  nervous  style,  and  a  Aill  knowledge  of  the  subject,  ac- 
quired bv  considerable  research  into  the  works  of  pre- 
etHling  chroniclers  and  historians,  eminently  distinguish 
this  popular  abridgment,  and  cannot  fkil  to  recommend  it 
to  universal  approbation.  In  continoing  his  work  as  he 
baa  begun,  Bir  Jaaies  Mackintosh  will  confer  a  grsat  bene- 
fit OB  nis  ooontry.**~£«RA  LU,  OmuUt, 

**  Of  its  general  aierits,  tod  its  peaoBDent  valoe,  it  is 
imposaible  to  speak,  without  the  Ughest  ooamendation, 
and  after  a  careftil  and  attentive  perusal  of  the  two  vol- 
umes which  have  been  pqMisbed,  we  are  enabled  to  de- 
clare that,  so  Au*.  Bir  James  Mackintosh  has  performed 
the  duty  to  which  he  was  assigned,  with  all  the  ability 
that  was  to  be  expected  from  lus  great  previous  attain- 
BDenU,  his  laborious  industry  in  investigation,  his  exoel- 
lent  iudgroent,  his  superior  talents,  and  his  honorable 
piiBCtples.'*— /vfitlrsr. 

'*  We  shall  probably  extract  the  whole  of  his  view  of 
the  reforoiation,  anerely  to  show  how  that  important  topfe 
baa  been  handlod  by  so  able  and  philosophical  a  writer, 
proftssing  Protestantism.— JVkttsiitf/  OaxttU. 

'■''  Tbe  talents  of  Sir  Jaaies  Mackintosh  are  so  juscly  and 
deeply  respected,  that  a  strong  interest  is  necesaarilv  ex- 
cited with  regard  to  any  work  which  such  a  distingnished 
writer  may  think  At  to  undertake.  In  tbe  present  instance, 
as  ia  all  others,  our  expeetatioBS  are  fuBy  gratified.**— 
Oenttewun's  Magmxin$. 

•*  Tbe  second  volume  of  the  History  of  Englaad,  form* 
iof  the  sixth  of  Carey  k,  Lsa*s  Oabiaet  Cycfopadia.  has 
bfien  sent  abroad,  and  entirely  sosuias  the  reputatioB  of 
ita  Ptedecessocs.  The  various  (hetiooa  and  disseBsioBs, 
tbe  iropeitant  trials  and  battles,  which  render  this  period 
BO  coBspieoous  in  the  page  of  history,  are  all  related  with 
groBt  dsarnsss  and  masterly  power.**— Assisa  TVsestfsr. 


BIOGRAPHY  OF  BRITISH  9TATKSHEN| 
ro«tafaii»g  tbe  LItob  of  StrTPhomaa  Move^ 
CardlMal  INTolaajr^  Arehbiafeiop  CrsAmer* 
Lord  Bnrlalgh* 


**  A  very  delightAil  volume,  aad  cm  a  tnlUaet  likely  to 
increase  in  interest  as  it  proceeds.  *  •  *  We  cordially 
cotaBisBd  the  work  both  for  Ha  design  aod  axecatioa.**— 


HIBTORT  OF  «€OTLAHD»   Bjr  Sir  'Widtor 
SeoCt.   lAdTola* 

**  Tbe  History  of  Scotland,  by  Sir  Walter  Scott,  we  do 
not  hesitate  to  declam.  will  be,  if  possible,  more  exten- 
sively read,  than  the  most  popular  work  of  Action,  by  the 
same  proliAe  author,  and  for  this  obvious  reason :  it  com- 
bines much  of  the  brilliant  coloring  of  the  Ivanhoe  pic- 
tures of  by -gone  manners,  and  all  tM  graceful  focility  of 
style  and  pieturesqueness  'of  dsscriptlon  of  his  other 
charming  romances,  with  a  minule  fidelity  to  tbe  Ikcts 
of  history,  and  a  searching  scrutinv  into  their  authenti- 
city and  relative  value,  which  Bugbt  put  to  the  blush 
Mr.  Hume  and  other  professed  historians.  Such  is  tbo 
magic  charn\  of  Bir  Walter  Seott*s  pen,  it  has  only  to 
touch  the  siniplest  incident  of  svery-day  liib,  and  it  starts 
up  invested  with  all  the  interest  of  a  scene  of  romance ; 
and  yet  such  is  bis  Adelity  to  tbe  text  of  nature,  that  the 
knights,  snd  serft,  and  collared  fools  with  whom  his  in- 
ventive genius  has  peopled  so  many  volume^,  are  regarded 
Sr  us  as  not  mere  creations  of  fttncy,  but  as  real  flesh  and 
ood  sxistenees,  with  all  the  virtues,  ftelings  and  errors 
of  conmM>n-plaos  humanity.**- Lit  QmtU$. 


HISTORY  OF  FRAKCR*   Bj-  Kjrro  Eraas 
-  Crowe*   In  3  tw* 

mSltMftT  OF  FRASCBy  Aroaa  tite  Reaton^ 
tlon  of  tlie  Bonrbonsy  to  tlie  Re-rohation 
of  1830*    By  T.  B*  Jfacanlajry  Raq*  M.  F* 

**  Tbe  style  is  onnclse  and  elear ;  and  eventi  are  sum- 
med up  with  much  vigor  and  originality.**— lit  QMxatu. 

"  His  history  of  France  is  worthr  to  flgure  with  the 

Sorks  of  his  associates,  the  best  of  their  day,  Soott  and 
ackintosfa.**->JHnitft/y  Mag. 

"  For  sncb  a  task  Mr.  Crowe  is  emhientty  qualified. 
At  a  glance,  as  H  were,  his  eye  takes  in  the  theatre. of 
centuries.  His  style  is  neat,  dear,  and  pithy;  and  his 
power  of  condensation  enables  him  to  say  much,  and 
eflbctivelv,  in  a  fow  words,  to  present  a  distinct  and 
perfect  pietnro  fa  a  nasfowly  cirauiaacribed  spaoe.**- X« 

**The  style  is  neat  and  eondeassd ;  tbe  thooghu  and 
conclusions  sound  and  jost  The  necessary  conciseness 
of  tbe  aarrattve  is  unaecompanied  1^  any  baMaess ;  on 
the  coBtraiy,  it  is  qpiritod  and  engaging.**— Bait.  JhMti- 
esa. 

*^To  eoaMprese  the  history  of  a  great  natioa,  dnriog  a 
period  of  tJuiteen  hundred  years,  in|o  three  volusses,  and 
to  preaenre  suflfeient  distinctness  aa  well  aa  interest  in 
the  narrative,  to  eaaUe  and  induce  the  reader  to  possess 
himself  dearlv  of  all  the  leading  inddents,  is  a  task  by 
no  BMBBs  easily  executed.  It  has,  nevertheless,  been  well 
accomplished  in  this  instBBos.**- ^.  T.  JtmtriMn. 

**  Written  with  spirit  and  taste.**- C7.  8.  Gmtut. 

"Ck>akl  we  but  persuade  onr  yotrng  fHeAds  to  give 
these  voluBMs  a  carsAil  pwasal,  wa  should  ftel  assured 
of  their  grateful  ackaowiedgihents  of  profit  and  pleas- 
ure.**—Jr.  T.  JRrrtr. 


"  At  onea  eoaeist  and  tateruiaiaf,** 
Utim. 


'— Sstardkf  Bb/- 


THK  HISTORY  OF  TRK 
to  tha  Battle  of 


aRTH  KRIi  AlfDSy 
BjrT.C. 


"  It  is  bat  Justiea  to  Mr.  Qraltan  to  aay  that  ha  has 
executed  his  laborious  task  with  much  industry  sad  pro- 
portionate eflbet.  Uadiafignred  1^  pompous  nothingniess. 
and  without  anv  of  tbe  alRMtation  of  philoaophical  pro. 
funditv,  his  style  is  simple,  light,  and  fVesh— persfrtcuoos, 
smooth,  and  harmonious.**— 1.0  BtU»  JntmUft. 

"Never  did  work  appear  at  a  mora  fortanate  period. 
The  volume  before  ua  is  a  compressed  but  clear  and  im- 
partial Barratlve.**— Z<<.  &»t. 


***  A  long  resfclenoe  in  the  eountnr,  and  a  ready  aoeess  to 
llbrariea  and  arehives,  have  fumisbed  Mr.  Giattaa  with 
materials  whieb  be  hss  arranged  with  skill,  and  out  of 
which  be  haa  produced  a  moat  interestiBg  volume.**- 
0*nt.Jtaf. 


CABINET  CYCLOPiElDU. 


TUmn  BAIT  TO  DCirm  A.  CCEE   rO»    iOCM  1.  rTATE  ^^ ^ 

JSiTlSrAiS^^  vStw  or  wo««  OM  roFCLAE  prior  to  the  y««  lfi» 

(THBOLt    *»    T«aniICAL  TttlW.  WWTTWI    W    •!»«  TO    1»    ■•COWMIW    -y      ^^ 

»r  oBDiiiAmT  miiBi.'*— Q««»i««»^y  B»m^. 


CABINET  OF 

AMERICAN  HISTORY. 
9T  T.  F.  qoaiKMi. 


ElXXiniHART  DISCOURSE  OH  THE  OE- 
JBCT9.  ADVAMTAGBS,  AJTD  PI^Ag- 
URKS  OF  THIS  STUDY  OF  MATURAI* 
PHII<OSOFinr«  By  J.  T.  W.  HorMMel, 
A.  M.  Imf  Fellow  of  9U  JoluiH  College, 
CAinbrldge* 


ftwniiidMCDToiytoiiiepwMntM*'  »»'» 
VI.  VII.  HIOTORY  OF  PERU,   laivk 
Vm.  IX.  HIOTORY  OF  BRAZIL.  IbSi*^*^ 


Vkdul  ibit  c50inpreh«MiTe  Wte.  a  ■  PW'J 

CMnmriage*  I  uufi  BMking  together  a  ^^^J??  ™!L'«|S 

•  Without  ditpvaffieff  any  other  of  the  raany  latewrt-  living  an  faHegral  ^'^^.f^S^^iZ^TSTv  th 
_  TL*]rZZ:Jl^X^^rLiJ^.imm*»mA  i*  tn*  form  of  caMaet ;  tWvn.    Each  tmrtioii  will  be  IwngBt  ,<»«■'* 


_  many  4at«re«- 1  Having  an  nuegrai  "'^.f"f*'"*ri"TrA«  n  th 

>  MduJIItrociKe'^'aei'iieued  in  the  form  of  caWaei ;  tjon.    Each  portion  wUl  bejf'^lj^j --aiffl 

5  fliily  libSriSi.  It  is.  per  hap.,  not  t«>  much  to  pi  jce !     ^od  al  wh£h  it  -hall  be  wntten.  «^  fj^ 

the  bead  of  the  Hit,  for  extent  and  variety  of  coodeiwed  Pj^paia,  deeoriplioD  of  the  ge^' ^^fJftS 

formation.  Mr.  Herehen  dticotife,of  Natural  Philyo-  ^^^  ^^  ^f^  hielory  of ihe  eooniiy  »•« 

"  No  !S!rk  of  ihia  gwierdi  Mtwe  i»^ 

in  the  Englinh  language.  T^^^^^.^S^- ' 

than  an  iJokoA  w^^^^  •«*5^!SS 
deaigned  to  embrace  the  wWe  ,f  *«^ 
continent,  it  remains  nnfiniihed.  It  "J^^ 
wiih  a  bias  uniiiyorabletoAinerto^tfJ^ 
tions.  ia  in<«rrect  in  many  iroporWtf  pw»«^ 
ia  too  much  abstiacted  fcr  V^^^J^y^  ^ 
This  void  in  Hteratiwim^towWiFj; 

sued  bv  the  wriiein  of  Spwftftrg^^^ 

Englana.  hot  J^  .>^»JXRSL  ttoSS^' 
meaaure.  by  mn  l^^^^i^JTb!^* 
whose  mentorioUB  labor  much  ase  wiu  w 

ihepropoiod  enterprise.  ^^  nn? be fc«^ 

The  volamea  Jf^'^^^^.^^'^Jilief  «*» 
introdueiory  to  the  whole  voA  wmbj 
the  hiMoorbf  tliediaoovefyofAel^«>2^ 
of  America.    In  the  iftokconatjl^^^ 
easting  poUtical  <l»vi«oiisj»£w  p^^ 
nected  with  former  ones,  I7  I^^^SJ^fS^  « 

next  succeeding  part  of  ^^'^^^f/^^ 
preparation,      "      "'"" 


ly  in  Dr.  Lardner's  CyclopBdia"-CkrJ*«i«»  (m^rwer. 
"  The  finest  w«rk  of  pbikMOpbieat  genius  which  this 
;e  has  aeefl.**— JlfadNiMef A'«  E^flaai. 

•  By  (hr  ihi  most  dettgbtfol  book  to  whkh  the  •jtotf n 
.nipetition  heiween  literary  rivali  of  great  talent  and 
Iter  prise  has  given  tim.'^—Mtnthly  iZsvtsw. 

•  Mr.  BpncheKi  delightftil  volume.  *  ♦  *  ^e  fllnd 
attered  through  the  work  instances  of  ^.»"J."f.PW^ 
luf  iraiion,  where  the  (kncy  if  usefully  c*!**""  »"'*»  •iJi^ 
>  as  wnieUmes  to  rpmind  «*  of  the  •!»»•»*"*'  P'/*"^ 
liich  crowd  upon  us.in  the  style  of  Bacon."-Qa«rUriif 

•♦  It  is  the  most  exciting  volume  of  ths  kind  we  ever 
let  with^—^JUndklf  Mtg^tint. 
"  One  of  thB  most  instrucUve-and  delightful  books  we 
■ve  ever  perused."— 17-  8.  JeurnaL 


i  TRBA'^SE  ON  KBCHAJIIC8.  Bjr  Capt* 
KAtei>9  ABd  tHe  Hev.  I>tonyii«a  lisurdner. 
'WtUi  n««Mroiia  engr^Tlmga* 

••  A  work  which  contains  an  nneommoa  anoun^  9i 
leeftil  information,  exhibited  in  a  plsia  and  very  inteHi.  | 
fible  form.**— OrtMCW#  JV«. /•Aitowy^lf. 

"  This  volume  has  been  lately  puUiifeod  in  England,  as » ^ 


I  part  of  Dr.  Lardner's  Cabinet  Cyclopajdia.  and  has  re- 
vived the  unsolicited  a^obation  of  the  most  eminent 
nnn  of  science,  and  the  most  diseriminating  Journals  %od 
reviews,  in  tl»  Britlnh  metropolis.— It  is  written  »n  a 
popular  and  ia»IUgible  style,  entirely  free  ftora  »n*tbe. 
mstical  symbols,  and  diseneurobered  aa  ftir  as  possiMs  ef 
technical  phrases."— !!•■««•  TrmMUtr. 

•'  Admirable  in  development  and  clear  in  prinskOes^  and 
PipcciaUy  felicitous  in  Wuslration  froM  famiuar  sub- 
jecu."— Jtt»»t«|f^#.  ^  . 

•Though  replete  with  I*i><>~1**«*»  *n'<^?*ii;^"  JL^  »be 
highest  order  in  mechanics,  "^P^ '^,.«^ii~^'Jf*£'^'  S*i 
ii«^  in  s  way  to  render  it  at  once  inteUigibto  and  popu-   i.  J 

lar."-JUt.  QaiMt. 

♦'  A  work  of  great  merit,  full  of  valuable  information, 
not  only  to  the  praetieal  mochanic,  but  to  ths  man  of  sci- 
ence."-.V.  T.  Cturier  and  Enquirer. 


I 


»:  incioding  m  "^"j;r«oaoei»«" 

iugation.  and  the  ?^'^j[^^SS^0^ 

vSrutions,  and  ofji^j^^'^rh^ 

in  ine  same  rouiMrwm^^!^^^uf^ 

Pern.  ChUi,  BoU  via,  *^»*i,Si^»»»  ^^ 

nraal  and  Colombia.  Doe  ^^^fs^ht^ 

the  i«iependent  Inditf  M«««^^^ 

The  hi«onr  of  the  r««^J^^^^ 


A  TRBATinS  03J  HTDROSTATlCS  Ajn> 
PMIBUMATICS.  By  tke  !!•▼•»•  !••»*»«> 
'Witli  nnmerowa  eikgra-rliftga* 

•'  It  fulIysastainstheihywaWeopinipnwjtovealwa^^ 
expressed  as  to  this  valuable  compendium  of  modorii  sci- 
ence."—JUt.  Ottzstts- 

"  Dr.  Lardner  has  made  a  good  use  of  his  acquaintance 
with  the  Arailiar  fiwts  which  illostrale  the  principles  of 
scleBoe."— JKma/f  Magnxkns. 

"  It  is  written  with  a  full  knowledge  of  the  subject, 
and  in  a  popular  ftyle,  abowoding  in  practical  illustra- 
tions of  the  abstruse  operations  of  these  imporant  sci- 
ences.'*— U.  8.  Journal.  ' 


««  will  be  appioDriated  to  ^^J^m 
the  history  ofllSiA  n«/,?!^S^*««f J 
&•  Revolution  and  the  operanom  of  «»•  v^ 

erament  ^       j,^  ^t  rf  *  "j 

A  survey  having  been  *»  "^  ,^ 

Western  Hemisphe^  Oie  ow^'^ptfti^^ 

contain  the  bi^tonr of  ^«  % SS««* !# 

thoee  of  the  norttai^J^ASii^ 
critical  exammatioii  of  the  Ibeons- 

original  peopling  of  AMe™^  u  grfhJwJ 
file  g^wTeVal  title/ thtw^ 

prehen^ve  to  indite  «^b^gffl  wi*  *£i 
Americana,  and  olhe»  ^SSmbP!*^  ^5*15 
history;  and  shouW  ^Ji^i^^^ 
«AnAmeric«iB«,g^|jyj^ 


under  it,  in  a  cheap 


mti 


CABINET  UBR  AR Y« 


No.  1.— NARAATIVB  OP  THE  LATE 
WAR  IN  GERMANY  AND  FRANCR 
By  the  Mab«4Uim  or  Lordondirbt.  With 
a  Map. 

Na  2.-J0URNAL  of  a  NATURAUST, 
with  plates. 

Na  a— AUTOBIOGRAPHY  of  SIR  WAL- 
TER SCOTT.    With  a  portrait 

No.  4.— memoirs  of  SIR  WALTER  RA- 
LBGH.  By  Mra.  A.  T.  THOMaoN.  With  a 
portrait 

Na  5.— LIFE  of  BELISARIUS.  I^  Lord 
Mabor. 

Na  6.— inLTTARY  MEMOIRS  of  the 
DUKE  of  WELLINGTON.  By  Capt. 
MoTiA  Bhmim.    With  a  portrait 

Na  7.— LBTTTERS  to  a  YOUNG  NATU- 
RAUST  ON  THB  STUDY  of  NATURE 
AND  NATURAL  THEOLOGY.  By  J.  L. 
Drummonii,  M.  D.  With  nomeroiiB  en- 
gravings. 

Of  PHSPARATimi^ 

LIFE  OF  PETRARCH.    By  Tbokas  Moou 

GLEANINGS  m  NATURAL  HISTORY, 
bein^  a  Companion  to  the  Jooraal  of  a  Nat- 
oralnt 

"TteCtUMtUbrtfjrbMtAiir  to  be  a  itrlMof  giMt 
v«la«,  and  is  rteoaiiBeMiad  to  piiMIe  aatf  private  Uhrariet, 
to  ufiHtewiooai  mea,  aod  mieeenaneooe  readers  ffenerally. 
It  IS  beaatlAilly  priaied,  aod  ftiraislMd  at  a  priee  wbieh 
will  plaee  it  witbia  the  feaeli  of  all  classes  or  soetetjr.**— 
jimnicmm  TVoMlltr. 

•*  Tbs  series  of  instractfve,  and,  in  ttoir  orifiaal  fbm, 
expensiTe  worlts,  wbioh  tbese  entsrprinof  pablisbers  are 
now  issuing  under  tlw  title  of  the  **  Cabinet  Library,** 
ie  a  Ibontain  of  osefal,  and  almost  uniTersal  koowlsdfe; 
the  advantaies  of  whiefa,  in  Ibraiinf  the  opinions,  tastes 
and  BMuners  of  that  portion  of  society,  to  which  this 
varied  information  is  yet  new,  cannot  be  too  highly 
estimated.**— JVMmmI  Jeamai. 

**  Btessrs.  Carey  and  Lea  have  eomonneed  a  eeriea  of 
publications  under  th^  above  title,  whieh  are  to  appear 
monthly,  and  which  ssem  liMy.  from  the  speeinwo  before 
us,  to  acquire  a  high  degree  of  popularity,  and  to  aflbrd 
a  seass  of  various  information  and  rich  entertaimBent, 
at  onos  emineatly  useAil  and  strongly  attractive.  The 
eeechnnical  execution  is  fine,  the  paper  aod  typography 
exeelleBt.**— ^fo«MiIf  Asaaer. 


and  more  partfeutaily  of  eor  eouatiy  readert.  It  wHl 
induce  them,  we  are  sure,  to  enaiioe  more  slossty  than 
they  have  been  aooustomed  to  do,  into  the  objecti  of  ani* 
mated  nature,  and  such  examination  will  prove  one  of 
the  most  innocent,  and  the  most  satisfactory  sources  of 
gratification  and  amusement.  It  is  a  book  that  ought 
to  find  its  way  into  every  raral  drawing-room  in  the 
kiqgdom,  and  one  that  may  safisly  be  placed  in  eveiy 
Ia(^*s  boudoir,  bs  her  rank  and  station  in  lifo  what  they 
aray.**— ^uerlsrlf  UnUw,  Na  LXXVIU. 

**We  think  that  there  are  few  readers  who  will  not 
be  delighted  (we  are  oeruin  all  will  be  instructed)  by  the 

*  Journal  of  a  Naturalist.* ''—JUmOiy  RnUw, 

**This  is  a  most  delightAil  book  on  the  most  deligbtfVil 
of  aH  stodisa.  We  are  aeqaainted  with  no  previous 
work  which  beara  any  resemblance  to  this,  except 

*  White's  History  of  Selbome,*  the  mon  fascinating  piece 
of  rural  writing  aad  sound  English  philosophy  that  ever 
issued  IhHtt  the  prass."*- 


**  The  author  of  the  volume  now  before  us,  has  pro- 
duced one  of  the  most  charaiing  volumes  We  remember 
to  have  seen  for  a  long  thne.**— JVbv  MmtUf  MagtinB, 
Juna,iaV. 

**  A  dehghlfbl  volume— peiliaps  the  moa(.so— nor  less 
instructive  and  amusing— given  to  Natural  History 
since  White*s  fletbome.**— iUscfavssd**  JUgmaimt. 

**  The  Journal  of  a  Naturalist,  being  the  eecond  num- 
ber of  Carey  and  Lea's  beautiful  edition  of  the  Csbinet 
Ubrary,  is  the  best  treatise  on  sol^ts  connected  with 
this  train  of  thought,  that  we  have  for  a  long  time  pe- 
rused, and  we  are  not  at  all  surprised  that  it  should  have 
received  eo  high  and  flattering  encomiuaui  fh>m  the  Eng- 
lish press  generally.**— AsfCsa  TVaeeUtr. 


"Furnishing  an  interesting  and  fomiliar  account  of 
the  various  oli>|ects  of  animated  nature,  but  calculated 
to  afford  both  instruction  and  enterttiament*'- AhsA- 
vilt*  BMmntr. 


**Om  of  the  most  agweabia  works  of  its  kind  in  the 
language.** — OnHtr  4$  la  LntUUmt. 

**  It  abounds  with  numerous  and  curious  fhets,  pleas- 
ing illastrations  of  the  secret  operations  and  economy  of 
nature,  and  satisfbctory  displays  of  the  power,  wisdom 
and  goodness,  of  tkt  great  Creator.**— PMM.  wiflusi. 


HBltoms  OF  THB  IJOnB  OF  SIR  WAD- 
TKR  RAUBCra,  wttli  attaaa  AMommt  •rtha 

TH0M80K.   WUAi  »  PmrtnJt. 

**Soch  is  the  outline  of  a  Nfb.  which,  in  Mn.  Thom- 
soa*s  hands,  is  a  mine  of  interest;  from  ths  fbst  page  to 
the  last  the  atiention  is  roussd  aad  austoinsd.  aad  while 
wt  approve  the  suaner.  we  still  more  nppland  ths  spirit 
in  which  It  is  axectttad.**— litsrary  OaMtte 


MAR«iVBi8  OF  I.OinX>inMBSRT»« 
HABRATIYK  OF  THE  LATB  l^AR  IN 
GERMAjrr  AHP  FRAHCB.    WUkalUiN 

"  No  history  of  the  evenU  to  wlUch  it  relates  can  be 
correct  without  refbrence  to  its  statements.**— literary 
Ossetts. 

'*The  etepits  detailed  in  this  vohraw  cannot  foil  to 
eacito  an  intenss  interest.**— I>aNia  litsrary  Cmznu. 

''The  only  connected  and  well  authenticated  account 
we  have  of  the  spirit-stirring  scenes  which  preceded  the 
foil  of  Napoleon.  It  introduces  us  into  the  cabinets  and 
presence  of  the  allied  monarchs.  We  observe  the  secret 
policy  of  each  individual :  we  eee  the  course  pursued  by 
the  wily  Bernadotte,  the  temporising  Bfetieraich,  and 
the  ambitious  Alexander.  The  work  deserves  a  place  in 
every  historical  Ubrary.**— OMs. 

**  We  hail  with  pleasura  ths  appearance  of  the  flrM 
vohime  of  the  Cabinet  Library.**  **  The  author  had  sin- 
golar  fosilities  Ibr  obtaioing  the  amtarials  of  his  work, 
and  he  has  introduced  us  to  the  OMivements  and  measures 
of  cabineu  which  have  hitherto  beet  hidden  ftom  the 


JOmWAIi  OF  A  VA'TUKAEMV. 


and 
and  rural  things. 


**  We  again  most  siitMgly  iwMMMBd  this  Ittlla  mpra- 
teadiag  volams  to  ths  attealioa  of  every  lover  eC  aatura. 


**It  Buy  be  regarded  as  the  most  authentic  of  all  the 

CbKcations  which  profbss  to  detnrt  the  events  of  the 
iporunt  campaigns,  lermiaating  with  that  which  se- 
eurad  ths  captare  of  the  Flanch  metiupolisL**— Aht  .Anifw 


•«  n  is  in  fhct  the  only  authentic  aeeoant  of  the 
labia  events  to  which  it  refors  **    »*-^'»-  ■» 


The  work 


a  plaea  la  avaiy  Hbmy.**— J 


MNCEULANEOUS. 


A  mmmaoL  of  ibbastiaji  cabot. 


"  Put  fbitk  in  the  Boat  «ii«nUttding  manner, 
witkoat  ft  Bsae,  Uiit  work  if  of  fftrftaoont  importaaee 
to  tlw  •uNsetft  of  whkh  U  tx99»M.''^Ut0frf  Gcutu. 
**  Tlw  avtlnr  Imi  ookroetad  nftsf  frft ve  «rron,  and  in 
leneral  civtD  af  m  ctaarer  inaifbt  into  traaMCtioDt  or 
MMidtfftMe  amUonftl  intaraat.^— /».  "  Will  it  nov**  aayi 
tlM  author,  with  Juat  astoaiihneat,  "be  deened  almort 
iacmilUe,  that  the  wtrj  inatrunient  fn  the  Reoords  of 
EftfUnd,  which  ndtea  the  Great  Diaeovery,  and  plainly  i 
oontMiptelea  a  aeheara  of  Gohmixation,  abould,  up  to 
thia  moment,  hai^  been  treated  by  her  own  writera  m 
thai  whieh  flrat  gave  permiaaion  to  go  forth  and  axniore  7** 
— /*.  "  W«  maat  retnm  to  invaatigate  aereral  collateral 
oatten  which  we  think  deoenring  of  more  apatt  than  we 
can  thia  weak  beatow.  Meanwhile  we  recommend  the 
work  aa  one  of  great  vmlae  and  intereat^^A^ 

**  The  general  reader,  aa  well  aa  the  navigator  and  the 
coriona,  wiU  derive  ptoaaoie  and  information  (kum  thia 
weU-written  production."— OniHar. 

"A  nedmep  of  honeat  inquiry.  It  ia  quite  flrightlhl  to 
think  of  the  namber  ef  the  inaecuraciea  it  expoaoa :  we 
ahaU  eeaae  tir^tve  eontdeaoe  in  booka.'*  "  The  inveati- 
cation  oC  tCfitb  ia  not  the  fbabion  of  theoe  timea.  But 
every  ainodi  inqnirer  after  Uatorical  accuracy  ought  to 
pttTohaae  the  book  aa  a  cnrioaity :  more  (blae  aaaertiona 
and  inaccurate  atatementa  were  never  expoaed  ia  the 
same  cempaaa.  Ur  has  given  na  a  leaaoo  we  ahaU  never 
forget,  and  hope  to  profit  bjr—aitteuur. 


mSTO&T  OF  THB  VOBTHMmMf  OR  MNRp 
MAJIi  AHD  DAinCSf  ttowa  tke  eavlieat 
^■■>*«  to  ihm  CTomqveat  of  F.mgl«nd  %j- 
mrilUa^  of  If  oi  oanmiyi  Bgr  Henrjr  "Wlaem" 
of  Um  SeamdtlaoTiAtt  amd 
of 


.».  work  amhracaa  the  gnat  leading  Ibatureeof  Scan* 
dinaviaa  Ibatory.  eomaMBcing  with  the  heroic  age.  And 
advancing  tkcm  tlw  earlieat  nwn  of  civilization  to  the 
intrednetion  of  Ghriatiaaity  into  ihe  North— ita  long  and 
bloody  atriib  with  Paganiam— the  diacoverv  and  oolonixa- 
tion  of  Iceland,  Oaeenland,  and  North  America,  by  the 
Norwegian  navigatora,  before  the  time  of  Colutnbaa— the 
military  and  maritime  ezpeditiona  of  the  Northmen— 
their  early  intereourae  of  commerce  and  war  with  Con* 
atantinopfe  and  the  Eaatem  empire— the  eatabliahment 
of  a  Norman  atate  in  France,  under  Rollo.  and  the  aub- 
Jagatimi  of  England,  first  by  tlie  Itenea.  under  Canute 
the  Gieat,  and  anbinquently  by  the  Normana,  under 
Duke  William,  the  founder  of  the  English  monarchy. 
It  alee  containa  an  account  of  the  mythology  and  litera- 
tura  of  the  ancient  North— the  Icelandic  language  pre- 
vailing all  over  the  Scandinavian  coantriea  until  the 
formation  of  the  present  living  tonguea  of  Sweden  and 
Denmark— an  analyab  of  the  Kddaa,  Sagas,  and  varioaa 
chronidea  and  aonga  relating  to  the  Northern  deitiea  and 
heroea,  conatituting  the  original  materiala  flrom  which 
the  work  haa  been  principelly  compoaed.  |t  ia  intended 
to  illnatrate  the  hiatory  of  France  and  England  duriftg 
the  middle  agea,  and  at  the  aame  time  to  aerve  aa  an 
Introduction  to  the  modem  hiatory  of  Denmark,  Norway, 
and  Sweden. 


TO   A   TOUHO  NAT17RAT.IgT| 

om  tke  Study  oC  Hotmre,  and  Hotural  The* 

•lo^y*    B7JAHBSL«I»BIJMlIOHD,]I.D. 

4ko«    'Wttli  nwmerowi  ^mgrwkyrlmgM* 

"  We  know  of  no  work,  eompceaaed  within  the  aame 
limits,  which  aeema  ao  happily  calculated  to  generate  in 


PRIVATE  MEMOIRS  op  NAPOLBON  BO 

NAPARTE,  firom  the  French  of  M.  fm 

LBT  vm  BoimRiKiiNK,  Privite  Secntuj 

the  Emperor.    In  2  vok  8va ' 

Tile  peculiar  advaiit8|e8  of  poatioo  ia  wfjj* 

hla  preeent  aulgect,  aolely  ei^joyed  byBideftJ 

enne,  hia  literary  accoinpuihBenia  ani  Mnlqm 

ficatiQna,have  already  oUained  for  tli«a«m» 

fint  rank  in  conteroporary  and  authafflcwDiT  b 

France,  where  they  had  been  for  yean  wpetwrt 

aniie^,  and  where,  aince  the  revolutiDo, » «« 

ooonected  with  dnt  period  or  ite  owqiwtjv* 

haa  created  ao  greataaen8atian.the«IfflWofl» 

rienne  have,  from  the  fiw'.beenaeeeimliiAeJ 

tmetworthy  exhibition  of  ihe  private  life  odpw* 

prindplea  of  Napoleon. 

"We  know  flrom  the  beat  poUtieil  w*5Si 
ing  in  England,  that  the  writort  aaeaah  m  paiwj 
eoTroborated  by  fiicts.**-/4t.  Osi. 

ANNALS  OF  TBI  PENINSUUR  CAM 
PAIGNa  By  the  Author  of  CnttTws- 
TOH.  In  3  vola  12roa  withplata 

Thb  history  of  LOUISIANA,  p^ 
larly  of  the  Cesaon  of  that  Cotej  »  ^ 
Unrted  States  of  North  A^oen^Zl 
Litrodoctory  Ertty on  the  gf^"""? 
"  CSovernment  of  the  United  ^^,*J 
Ma«boi8,  Peer  of  Pr«nce,  »«"«»« "^ 
the  French  by  an  American  Uffl«a 
1  voL  8va 

The  PERSIAN  ADVENTUBSlJ 
Author  of  the  KwanaAW.  ^^^^^ 

••  It  is  fall  of  glowing  deacriptiow  «f  &*«" 
Otmritr. 

MORAM   or  PLEASURE.  Bo^  *| 
Stories  Resigned  for  Young  Perwft  ° 

vol  12IIIO.  «««teiH^* 

"  The  alyle  of  the  aloriea  i»  Ji^Ji^rf* "^^ 
eaae  and  graccfUlnesa,  than ftr «»» *^Srite|WJ  * 
and  iU  beauUlbl  and  at  uinea  *»*^'55»J 
ladyaiaat  have  wriiien  >»-*[iJifcdiiiii'** 
woman  alone,  that  aach  ^f^STwlJ^f  ■«*: 
deUcacy  of  eenUment-aadi  *^^^  peij-f 
Bttch  deep  and  pure  *^^JJ*J^ii^tti0'^^ 
ibrth  lodeanae  the  javenile  »>»*^^V  6« « 
ritiea  of  our  nature,  •^^J^^JfllS?^  ^  * 
uaWtelnem  here,  and  bappiaeai  heiaiw 

JSiioertUtr. 

CLARENCE;  a  Tale  of  oar  o«J^£ 
the  Author  of  Ridwood,  Hop«  ^i^ 
In  2  vols. 

AMERICAN  QUART^Y  BJV^ 

liflhed  on  the  fiwt  o^  MaicM^J^ 

her,  and  December.    Pn^elPF    .^^ 

Afewco«pl«teSetaofAeWflrk-« 


of] 


oang  mind,  and  to  renovate  ia  the  old,  an  ardent  love 
natore  in  all  her  forma.**— JMbaUUy  RmHm. 
^  We  cannot  bat  eologiie,  in  the  warmeat  manner,  the 
endeavor,  and  we  mnat  aay  the  aoeceaaftil  endeavor,  of  a 
man  of  acienoe,  like  Dr.  Drummond,  to  bring  down  ao 
exalted  a  puraoit  to  the  level  of  youth/hl  fhCttlUea,^and  to 
cultivate  a  taate  at  oaoe  ao  oaeAil,  virtnoos,  and  refined.** 


•  * 


CONSTOEIUTIOiraONTffljgS 
CY  AND  BANKING  SY^  5^ 
UNITED  STA*n»   »!  '"^ 

Tin. 

SONGS  Of  TiaAFPECmON&ft 
HiMAM.  Royal  IftBft 


MOTT,  OOOFBR,  AMD  VF, 


cnroir  XRVzira. 


BY  SIR  WALTER  SCXITT. 


COUNT  ROMaiT  OP  PARIS,  a  Tale  of 
the  Lower  Empire.  By  the  Author  of  Wa- 
verley.    In  3  vols. 

"The  reader  will  at  once  perceive  that  tlis  aiit^t, 
the  cbaracten  and  the  loenea  of  action,  could  not  have 
been  better  aelected  for  the  diaptav  of  the  Tariooa  and  un- 
equalled powers  of  th«  author.  AU  that  ia  glorioiii  in  arts 
and  splendid  in  arms— the  glitter  of  armor,  the  pomp  of 
war,  and  the  splendor  of  duvalry— the  govfeous  soenerv 
of  the  Bosphorus— the  ruins  of  Byzatetianv— the  mafnifl- 
cence  of  the  Grecian  capital,  and  the  richness  and  volup- 
tuousness of  the  imperial  eourt,  win  rise  before  the  reader 
in  a  succession  of  beantiAil  and  daxzlinf  iaiages.*'--0»»- 
wureiaiJidoertiMt, 

AUTOBIOGRAPHY  OP  SIR  WALTER 
SCOTT.     With  a  Portrait 

"  This  is  a  delightftil  volume,  which  cannot  foil  to  sat- 
isfy evary  reader,  and  of  which  the  contents  ought  to  be 
known  to  all  those  who  would  be  deemed  conversant  with 
the  literature  of  our  era."— AUtoia/  Oaxetu, 

HISTORY  OP  SCOTLAND.    In  2  vola 

**  The  History  of  BcoUand,  by  Sir  Walter  Scott,  we  do 
not  hesitate  to  declare,  will  be,  if  possible,  more  exten- 
sively read,  than  the  most  popular  work  of  fiction,  by  the 
same  prolific  author,  and  Ibr  this  obvious  reason :  it  com- 
bines much  of  the  brilliant  coloring  of  the  Ivanhoe  pic- 
tures of  by-gone  manners,  and  all  the  graceftil  fteility  of 
style  and  picturesqueneas  of  description  of  his  other 
charming  romances,  with  a  minute  fidelity  to  the  Acta 
of  history,  and  a  searching  senitinV  into  their  authenti- 
city and  relative  value,  which  might  put  to  the  blush 
Mr.  Hume  and  other  profesMd  historians.  Such  is  the 
magic  charm  of  Sir  Walter  Scott's  pen,  it  has  only  to 
touch  the  simpleet  incident  of  every-day  life,  and  it  starts 
up  invested  with  all  the  interest  of  a  scene  of  romance ; 
and  vet  such  is  his  fidelity  to  the  text  of  nature,  that  the 
knights,  and  serft,  and  collared  fools  with  whom  his  in- 
ventive genius  has  peopled  so  many  volumes,  are  regarded 
ar  us  as  not  mere  creations  of  fhncy,  but  as  real  flesh  and 
ood  existences,  with  aU  the  virtues,  feelings  and  errors 
of  oommon-iriaoe  humanity.**— Lit.  Gozstcs. 

TALES  OF  ▲  GRANDPATHER,  beinf  a 
series  firom  French  History.  By  the  Auuor 
of  Watcelet. 


BY  HR.  COOPER* 


THE  WIAVO.    By  the  Author  of  the  Sft, 
Pnxrr,  6ui.  In  2  vols. 

The  WATER-WITCH,  or  the  SKIMMER 
OP  THE  SEAS.    In  2  vols. 

**  We  have  no  hesitation  in  classing  this  among  the 
most  powerful  of  tbs  romances  of  our  counterman.**— 
V.  StmietOaxetU. 

**  We  could  ont  break  fh»i  the  v<riumes,  and  may  pro- 
diet  that  they  will  excite  the  same  interest  in  the  minds 
of  alSMSt  every  reader.  The  concluding  chapters  produce 
intense  emotion.*^— JVMsiia/  Oozstts. 

New  Editians  qfthe  /allowing  Works  by  the 

same  Author. 

NOTIONS  OP  THE  AMERICANS,  by  a 
Travelling  Bachelor,  2  vols.  12mo. 

The  WEPT  OP  WISH-TON-WISH,  2  vols. 

12nK).  

The  red  ROVER,  2  vols.  12mo. 

The  SPY,  2  vols.  12mo. 

The  PIONEERS,  2  vols.  12ma 

The  PILOT,  a  Tale  of  the  Sea,  2vola  12nK>. 


LIONEL  LINCOLN,  or  the  LEAGUER  of 
BOSTON,  2  vols. 

The  last  of  the  MOHICANS,  2  vols. 
12nK>. 

The  PRAIRIE,  2  vols.  12ma  ' 


BY  WASHINGTON  IRVING. 


VOYAGES   AMD   ADVENTURES  of  the 

COMPANIONS    OF   COLUMBUS.     Bv 

Washington  Irving,  Author  of  the  Liie 

of  Columbus,  &c.  1  vol.  8va 

"  Of  the  main  work  we  majr"  repeat  that  it  possesses 
the  value  of  important  history  and  the  magnetism  of  ro- 
mantic adventure.  It  sustains  in  every  respect  the  repu- 
tation of  Irving.'*  "  We  may  hope  that  the  gifted  author 
will  treat  in  like  manner  the  enterprises  and  exploits  of 
Pizarro,and  Cortes ;  and  thus  complete  a  series  of  elegant 
recitals!  which  will  contribute  to  the  especial  gratifica- 
tion of  Americans,  and  form  an  imperishable  ftind  of 
delightful  instruction  for  all  ages  and  countries.*'— AVtt 
OazsCfs. 

**  As  he  leads  us  from  one  sava|^  tribe  to  another,  as 
he  paints  successive  scenes  of  heroism,  perseverance  and 
selr-denial,  as  he  wanders  among  the  magnificent  scenes 
of  nature,  as  he  relates  with  scrupulous  fidelity  the 
errors,  and  the  crimes,  even  of  those  whose  lives  are  for 
the  roost  part  marked  with  traits  to  command  admint- 
tion,  and  perhaps  esteem— « very  where  we  find  him  the 
same  undeviating,  but  beautifUl  moralkt,  gathering  firom 
every  incident  some  lesson  to  present  in  striking  lan- 
guage to  the  reason  and  the  heart."-'ySsi.  Q^artmf  Rt- 

VUWm 

"  This  is  a  delightful  volume;  fbr  the  prefkoe  truly  savs 
that  the  expeditions  narrated  and  springing  out  of  the 
▼ojrages  of  Columbus  may  be  comparad  with  attempts  of 
adventurous  knights-errant  to  achieve  the  enterprise  left 
unfinished  by  some  illustrious  predecessors.  Washington 
Irving'B  name  is  a  pledge  how  well  their  stories  will  be 
t^d :  and  we  only  regret  that  we  must  of  necessity  defer 
our  extracts  for  a  week.**— Ziradbii  Ul  Oazetu. 

A  CHRONICLE  of  th»  CONQUEST  of 
GRENADA.  By  Washington  Irving, 
Esq.    In  2  vols. 

"  On  the  whole,  this  work  will  sustain  the  high  fame 
of  Washington  Irving.  It  fills  a  blank  in  the  historical 
library  which  onght  not  to  have  remained  so  long  a 
Uank.  The  lanauage  throughout  is  at  once  chaste  and 
animated ;  and  the  narrative  may  be  said,  like  Spenser's 
Fairy  Gtueen,  to  present  one  long  gallery  of  splendid  pic- 
tures."—Loud.  LiL  Oi$tU. 

"Collecting  his  materials  fttMn  rarions  historians,  and 
adopting  in  some  degree  ilie  tone  and  manner  of  a  monk- 
ish chronicler,  he  has  embodied  them  in  a  narrative  which 
in  manner  reminds  us  of  the  rich  and  storied  pages  of 
Froissart.  He  dwells  on  the  feats  of  chivalry  performed 
by  the  Christian  Kn^ts,  with  all  the  ardor  which  might 
be  expected  from  a  priest,  who  mixed,  according  to  the 
usace  of  the  times,  not  only  in  the  palaces  orcourtly 
nobles,  said  their  gay  festivals,  as  an  homured  and  wel- 
come guest,  but  who  was  their  companion  in  the  camp. 
And  their  spiritual  and  indeed  bodily  comforter  and  as- 
aiitaBt  in  the  field  of  battle.— wfsk  QaarCsWy  Rnitm. 

New  Editions  of  the  /bllowing  Works  by  the ' 

same  Author, 

Thb  sketch  book,  2  vols.  12ina 

KNICKERBOCKER'S  fflSTORY  of  NEW 
YORK,  revised  and  corrected.    2  vols. 

BRACEBRIDGE  HALL,  <nt  thb  HUMOR- 
ISTS, 2  vols.  ISma 

TALES  OF  ▲  TRAVELLER,  2  vols.  12ina 


TRAVEIiS,  AXirUALS,  6lc 


NOTES  OM  ITALY,  during  the  yetra  1829-da 
By  RmBKAiiDT  Piaul    In  1  vol  8va 

•*Tbi«  artifl  will  gimtify  all  rtaaoMhto  eipecuUoB; 
Im  is  neitber  oetenutioat,  nor  dofOMtieal,  nor  too  nii- 
Dttte ;  be  i«  Bot  a  partiMui  nor  a  carper ;  be  admlrse  witb- 
Mit  eervilitj,  be  criticiMa  witboot  auUevoleoce;  bia 
frankoett  and  good  bamor  five  aa  afreeaUe  eolor  and 
»ffecttoaUbiadeciaioiia,aDdtbeol4eetortbein:  bia  book 
Mvea  a  ueeftil  general  idea  of  tbe  names,  worka,  and  de- 
lerta,  of  tbe  great  maatera ;  it  it  an  inatractive  and  entnr- 
laining  index.**— Aht  Oac 

"  We  bave  nUMle  a  eopioaa extract  in  preceding  colamoa 
from  ttait  interesting  work  of  our  oountryman,  Rembrandl 
Peale,  recently  paMisbed.  It  kas  received  bith  oonunen- 
lation  ttom  re^iectaMe  soaroea,  wbicta  is  JustlOed  hj  tbe 
anions  we  bave  seen  extracted.*'— OnaaMre<«/wfd^M'lis«r. 

"  Mr.  Peale  most  be  allowed  tbe  credit  of  candor  and 
yntire  flreedom  from  aflbctation  In  tbe  Jodgments  be  bas 
laasi-d.  At  tbe  sane  time,  we  sboald  not  omit  to  notice 
be  variety,  extent,  and  mlnutenees  of  bis  examinations. 
Vo  cburcb,  gallery,  or  collection,  was  passed  by,  and  roost 
>f  tbe  individaal  pictures  are  separately  and  carefully 
loticed.'*— Jfak  i^rUrl^f  lUpUm. 


FRAGMENTS  of  VOYAGES  ahd  TRAV- 
ELS,  nfCLUDiMG  ANECDOTES  of  NAVAL 
LIFE ;  intended  chiefly  for  the  Use  of  Young 
Persona  By  Basil  Hall,  Capt  R.  N.  In 
2  vols,  royal  18ma 

"  His  Tolnmes  consist  of  a  sistea^s  of  antobiography, 
laral  anecdotes,  and  sketcbea  of  a  aonwwhat  ditcursive 
lature,  wbicb  we  bave  fctt  mucb  pleasure  in  perusing.'* 

"  Tbe  title  page  to  tbese  volumes  indicates  their  being 
ttaiefly  intended  for  voung  persons,  bat  we  are  much  mis- 
aken  if  tbe  race  of  gray-beards  will  be  among  the  least 
luroeroos  of  tbe  reMera  of  'midshipmen's  pranks  and 
be  humors  of  tke  green  room.*  "—Lit.  QieUe. 

K  TOUR  »  AMERICA.  By  Babil  Hall, 
Capt  R.  N.    In  2  vols.  12ma 

SKETCHES  OF  CHINA,  with  Elustrations 
from  Original  Drawings.  By  W.  W.  Wood. 
In  1  yoL  12ma 

"Tbe  residence  of  tbe  author  in  China,  daring  the 
rears  1836-7-8  and  9,  bas  enabled  him  to  collect  much 
rery  curious  information  relatire  to  this  singular  people, 
vhich  he  has  embodied  in  bis  work ;  and  will  serve  to 
[ratify  the  curiosity  of  many  whose  time  or  diepositionB 
iu  not  allow  them  to  seek,  in  the  voluminous  writjnits  of 
he  Jesuits  and  early  travellers,  tbe  information  contained 
n  the  present  work.  The  recent  discussion  relative  to 
he  renewal  of  tbe  East  India  Company's  Charter,  has 
ixcited  much  interest;  and  among  ourselves,  the  desire 
o  be  further  acquainted  with  the  subjiects  of  '  the  Celes- 
ial  Empire,*  bas  been  considerably  augmented." 

EXPEDITION  TO  THE  SOURCES  op  thb 
MISSISSIPPI,  Executed  hy  order  of  the 
(jiovernment  of  the  United  States.  By  Ma- 
jor S.  H.  Long.  In  2  vols.  8m  With  Plate& 

HISTORICAL,  CHRONOLOGICAL,  GEa 
GRAPHICAL,  AMD  STATISTICAL  AT- 
LAS OF  NORTH  AND  SOUTH  AMERI- 
CA, AHD  THB  WEST  INDIES,  with  all 
their  Divisions  into  States,  Kingdoms,  &€. 
on  the  Plan  of  Le  Sage,  and  intended  as  a 
companion  to  Lavoisne's  Atla&  In  1  vd 
folio,  containing  54  Mapa  Third  Edition, 
improved  and  enlarged. 


ATLANTIC  SOUVENIR,  FOR  1832. 

This  volume  is  superbly  bound  in  embossed 
leather,  and  ornamented  with  numerous  plates, 
executed  in  the  best  style,  by  the  first  artista 
No  expense  has  been  spared  in  the  endeavor 


to  render  it  worthy  of  thepoipOBeftrfkidiil 
is  intended. 

EmnxuHMBrTfli — 1,  TheHnngviu  Pn- 
cess,  engraved  by  Dknan  and  Pillbrow,  fini 
picture  by  Hohnes.— 2.  The  Bower  of  FkjAd, 
enffreved  by  Ellis,  from  a  ractnre  bf  Muta- 
3.  The  Duchess  and  Stncho^  encnved  bfl^ 
rand,  from  a  jMctore  by  Ledie.— 4  Bicbud  n^ 
Saladin,  engraved  by  Ellis,  from  a  pictauelf 
Cooper.— 6l  The  Rocky  Moantaini^  ogimJ 
by  Hatdi  and  Smilie,  from  a  pictnebf 
Doughty.— d  Lord  Byrao  in  £ii^Y«4 
engraved  by  Ellis,  from  a  picture  far  SMDdea 
—7.  Tiger  Uand,  engraved  by  Ne^ie,  fin 
a  picture  by  Stai^eld.— a  The  BUamtfi. 
engraved  hw  Kelly,  from  a  picture  b^  Nqgit 
—9.  The  'Kght  Shoe,  engraved  byKeflyiJM 
a  picture  by  Richter.— 10.  laidoie,  o^ 
by  niman  and  Pillbrow,  from  a  pictnre^ 
Jackson.— IL  The  Dutch  Maiden,  eognw 
h^  Neagle,  from  a  jHcture  by  Newtoa-^ 
The  Mother's  Grave,  engraved  by  No^ms 
a  picture  by  Schafl^r. 

A<n.Ajmo  souvsomn  for  imi< 
Embbixishmkmtb.— 1.  FroDtt8piec&  1^ 
Shipwrecked  fVunUy,  engraved  byEO^^B 
a  picture  by  Burnet— 2.  Slupwreck  off  W 
Rouge,  Calais,  engraved  br  Hlis,  fioo  *  f 
ture  by  Stanfield.— a  In&ncy,  engrawj  ^ 
KeUy.  from  a  picture  by  Sir  Th«nM  U» 
rence.— 4.  Lady  Jane  Grey,  engmvedbyAef. 
from  a  picture  by  LesUe.-5.  Three  Sore* 
Ten,  engraved  by  Kearny,  from  a  pictoR  J 
Burnet— 6.  The  Hour  of  Reel,  eoPj«J 
Kelly,  from  a  picture  by  Bumet-7.  Tbei» 
strel,  engraved  by  Ellis,  from  *?«*»"  r". 
lie.— a  Arcadia,  engraved  Iw  KeujT,  ft« 
picture  by  Cockerell.-^.  The  Fisbfln^ 
Return,  engraved  by  Neagle,  from  '  PJ^ 
by  Collins,— 10.  The  Marchioneaiof  Oaj^ 
then,  granddaughter  of  Charles  Can^f  ri 
ronton,  engraved  by  Dhnan  and  Pj11>»«^ 
a  picture  by  MrsL  Mee.-1L  Morning^ 
the  HUls,  engraved  by  Hatch,  fiocn  a  P^^ 
by  Doughty.— 12.  Los  Mufflcoa,  ei^^'' 
Ellis,  from  a  picture  by  Watteao.  ^^ 
A  few  copies  of  the  ATLANTIC  SW*^ 
NIR,  for  1830,  are  stiU  for  sale. 

THE  BOOK  OF  THB  SEASONS.  ^ 
William  Hownr.  ^ 

"  Sinee  tbe  pablication  of  the  J«n?».**iliiS  »  * 
no  work  at  once  so  iBiewrtiag  w^'.fJfSltoio* 
Book  of  the  BeaMos  bae  boei  wtoitW  J^V* 
Wbetber  in  reftinHioe  to  Um  nttUtj  of.>^ j^^Ot 
frsoe  and  beauty  of  its  execution,  it  ^".*T2  deoiX 
popularity  it  it  certain  to  obtaio.  It  i>,  "rf^^n^D 
and  refreahinf  to  meet  with  web  ■f£5!y«aai(4^ 
full  of  nature  and  tnitli--in  whieh  '•"•f^JJ^  ft » 
ence  derive  aid  from  imafin"«WD-»"  rjTjt^ 
taugbt  mucb ;  but  in  rach  a  manner  ai  t^^^ifiK 
All  wbetber  we  have  not  been  'oo'S.SSrStf*^ 
time  wc  have  been  reading/'-^^ft*  ^''^^CT^,  ^ 

*'Tbe  Book  of  the  Seaaoaa  if  a  ff^fft^tM 
recommended  to  all  loveri  of  nature.  — *»»—^ 


raMJCATIOlV^ 


LE39SONfl  on  THINGS,  intended  to  improTe 
CfaildreB  in  the  Practice  of  ObBervatioii,  Re- 
flection ud  i>e8cri0tioo,  on  the  System  of 
Pmtauiusi,  edited  bj  John  Fbose,  A.  M. 
The  pablishen  re^^ueet  the  attention  of 
teachers,  school  committees,  and  all  who  are 
deairoiis  of  improvinff  the  methods  of  instruc- 
tioD,  to  this  work,  which  is  on  a  plan  hitherto 
noattempted  by  any  school-book  m  this  coun- 
try, and  which  has  been  attended  with  extra- 
oitiinary  success  in  England. 

The  foUowing  remarks  on  the  work  are  ex- 
tracted from  the  '*  Quarterly  Journal  oi  Edu- 
cation.*' 

**  Tlite  little  ▼oHune  fai  a  *eorrecled  a»d  re-oorrected'  edi- 
tion of  lesMiia  ■etaally  gireii  to  cUldreB,  and,  tberefbre, 
poeeeHea  a  ▼aloe  to  wlucii  bo  book  made  in  the  cloeet 
can  lay  daim,  beiog  the  reealt  of  actaai  experiment. 
Tte  work  consiite  or  a  number  of  le«ons,  divided  into 
five  eeriea;  befinninf  witli  ealiiieete  the  meet  easy  and 
elementary,  it  gradaally  increaeei  in  diAcalty,  eacb  sac- 
ceaeive  etep  being  adapted  to  the  mind  of  tlie  child  aa  it 
acquires  freeh  etoree  of  knowledfe. 

**  Bveiy  part  of  tbeae  leeeone  ie  Intereetinf  to  the  child, 
both  on  aceount  of  the  actiTe  operation  into  which  bia 
own  mind  ia  neeeaaarily  called  oy  the  auM««r  in  which 
the  leaaona  are  given ;  and  alao  bv  the  attractive  nature 
of  many  of  the  wt^tri^lt  which  form  the  subject  of  tlie 
leaaona.  In  the  firat  and  moat  elementary  eeriea,  the  pupil 
ia  ataipJ^  lat^ikt  to  make  a  right  uae  of  his  oigans  of 
sense,  and  to  exercise  his  Judgment  so  flur  only  as  relates 
to  the  objects  about  him ;  apd  aecoffdincly  the  matter 
brought  before  him  at  this  stage,  is  such  that  its  obvious 
properties  can  be  discovered  and  deecribed  by  a  cUU  who 
liaa  aaqulred  a  tolerable  knowledge  of  hia  mother  tongue.** 

OUTLINES  or  HISTORY,  ftom  the  Earliest 

Records  to  the  Present  Time.   Prepared  for 

the  Use  of  Schools,  with  Qaestions,  by  John 

F^MMrr,  A.  M. 

**  The  nudn  ot^fect  of  the  work  it,  by  giving  a  aelection 
of  intereating  and  atrikiog  fiieta  (Vom  more  daborate  hia- 
toriea,  FOpertr  and  carefully  arrangad,  with  chronological 
Ubiea,  to  render  the  atudy  of  general  hiatory  leaa  dry  and 
repulaive  than  it  haa  been  heretofore.  This,  we  think  is 
Ailly  aeoompiished.  Very  great  care  appevrs  to  have  been 
bestowed  on  the  selections,  and  in  arranging  the  chrono- 
logical tables,  as  well  as  in  the  classification  of  the  his- 
torical matter  into  parts  and  chapters.  The  work  will 
suflleientlv  recoaamend  itself  to  all  who  examine  it.**— 
8§L  SvmUng  P§$t, 

**To  concentrate  in  one  comparatively  small  volume,  a 
complete  epitome  of  the  entire  hiatory  of  the  world,  an- 
cient and  modem,  ao  treated  aa  to  preaeat  a  correct  image 
of  it,  would  eeem  to  be  an  oitfect  to  be  wiabed  for,  rather 
than  expected ;  the  *  Outlinea  of  Hiatory,*  however,  reallae 
this  ol4ect.**-.tfriatie  JmrnaL 

"We  consider  that  Mr.  F.  has  done  a  service  to  schools, 
by  the  time  and  labor  which  he  has  bestowed  upon  this 
wofk ;  ths  marginal  dates  will  be  found  of  great  service, 
but  the  chapters  erf"  questions  upon  the  text,  and  upon  the 
maps,  to  illustrate  the  geograpfcy  of  the  history,  will  es- 
pecially recommend  the  work  to  the  attention  of  teach- 
ers.**—(7.  &  O^utU. 

PkJUidpkia,  Julf  lOO,  1831. 
**TbB  'Outlines  of  History*  I  consider  an  excellent 
class-book  of  general  history  for  the  use  of  schools.  The 
questions  added  bj  Mr.  Frost,  are  a  most  valuable  auxili- 
arv  for  the  teacher  as'well  as  the  pupU.  I  shall  use  the 
*  Outlines*  in  my  school,  and  oordUlly  recommend  it  to 
parenu  and  teachera.  B.  C.  WALKER.** 

PJUIsdMipMc,  JlprU  SOtA,  183L 
**  Di4B  flat,— I  haveJMt  received  a  co|qr  otyonx edition 
ef  the 'Outlines  of  History.*  From  a  cursory  psrusal,  I 
am  diifeesd  to  give  it  a  high  rank  as  a  school-book.  So 
well  seUatted  am  I  with  the  arraagement  and  execuiioa 
of  the  work,  that  I  intend  to  put  it  immediately  into  the 
haadi  of  a  class  ia  my  own  school. 

*'  Very  respectAilly,  your  obedient  servant. 
"  Mb.  Jona  Fnosr.**  "  LEVI  FLETCHER. 


BY  A.BOULIJK. 


A  COLLECTION  of  COLLOQULOi 
PHRASES  on  every  Topic  necessary  to  main- 
tain ConversatioD,  arranged  under  different 
heads,  with  numerous  remarks  on  the  peculiar 
pronunciation  and  use  of  various  words— the  i 
whole  so  disposed  as  considerably  to  fiu^ilitate 
the  acquisition  of  a  correct  pronunciation  of 
the  French.    By  A.  Bchjiab.    One  voL  18ma 

A  SEUBCTION  of  ONE  HUNDREIT 
PERRIN^  FABLES,  accompanied  by  a  Key, 
containing  the  text,  a  literal  and  free  trans- 
lation, arranged  in  such  a  manner  as  to  point 
out  the  difierence  between  the  FVench  ana  the 
English  idiom,  also  a  figured  pronunciation  of 
the  French,  according  to  the  best  French  works 
extant  on  the  subject;  the  whole  jnreceded  by 
a  short  treatise  on  the  sounds  or  the  French 
language,  compared  with  those  of  the  F"gli«br 

Ln  AVENTURES  de  TELEMAQUE 
PAR  FENELON,  accompanied  by  a  Key  to 
the  first  ei^t  books ;  containing  like  the  Fa- 
bles—the Text— a  lateral— and  Free  Trans- 
lation ;  intended  as  a  Sequel  to  the  Fables. 

TkM  esfmsim  -*  flfured  pronuncistion,*  is  aftoos  em- 
plmf^i  U  0xpr0§§  Oct  the  «erdt  in  tkt  JTsy  U  tk*  Frtnck 
AMM  are  spelt  and  divided  as  they  are  pronounced.  It  is 
wkmi  Walkol  kmt  tfnie  ia  Ms  CriHe^  Prmnnrndng  Die- 
HoMTjf:  ftr  inttmrnf^  he  indit^U§  tk§  frmmtuiatiam  tf  the 
wsrd  enough,  »y  ^Mding  and  tp^Uhig  it  tkus^  e-nuC  In 
the  fame  msaasr  /  iMdiemU  Os  pmuneimtin  (f  tJu  word 
comptaient  Oas,  kon-td.  A$  tkt  mmdentMtding  tf  tJU 
Mured  vrssandatisn  ^  Walkoi  rseairsf  tJU  $tudent  U 
be  •equmntod  wOk  Os  yrisMlief  ssaadb  qftht  SmgUsk  vow- 
ele,  ke  muet  Kkewite^  before  As  can  im4(srsrtciid  the  fiaored 
pronunciation  ^ftke  Fremth,  mtke  ktmadf  meamminted  with 
tke  90  ftimitime  eemmde  ^  Os  Fremeh  vmeele.  Tkit  any 
inteUigemt  pereem  can  get  from  a  natioe^  or /rem  aaytedy 
who  roado  French  well,  m  a/ns  Aeart. 

A  COMPLETE  TREATISE  on  the  GEN- 
DERS OF  FRENCH  NOUNS;  in  a  small 
pamphlet  of  fi>urteen  pasea 

This  little  work,  which  is  the  most  complete 
of  the  kind,  is  the  firuit  of  great  labor,  and  will 
prove  of  immense  service  to  every  learner. 

ALL  THE  FRENCH  VERBS,  both  REG- 
ULAR AMD  niREGULAR,  in  a  small  volume. 

The  verba  ^frs  lo  be,  oaoir  to  hava^  psHer  to  speak. 
fnir  la  finish,  reonwtr  to  fecdve,  wmtdrt  to  aell,  $e 
fewer  to  riae,  ae  bien  porter  to  be  well,  t^en  aOer  to  so 
away,  are  here  all  ooqiugated  through— ^i^btnaftoHy 
— negativdu  tnterrqyaltaety— and  negaUvely  and  tn- 
Cem^fa^tM^f— an  arraiwement  which  will  graady  &• 
cilitaie  the  acholar  in  hb  learning  the  French  verbs, 
and  which  will  aava  the  nnater  the  tioable  of  explain- 
ing over  and  over  again  what  may  be  much  more 
eMily  learned  fiom  braa,  thoa  leaving  him  more  time 
to  ^ve  hia  pnoil,  dorinc  the  lesson,  that  instruction 
which  cannot  be  ibmMTin  books,  but  which 


must  be 


learned  Cnm  a  master. 


NEUMAN'S  SPANISH  ahd  ENGLISH 
DICTIONARY.  New  Edition,  in  one  voL 
16nx>. 


CLAflnCAIi  LITERATURE. 


INTRODUCTION  to  the  STUDY  or  tbb 
GREEK  CLASSIC  POETS,  ibr  the  use  of 
Young  Penona  at  School  or  College. 

Gtm/en/t.— General  Introduction;  Ho- 
meric Queetions;  life  of  Homer;  Iliad; 
OdjMey;  Maigites;  Batnchomycxnachia; 
Hymne;  Henod.  Bjr  Henry Nelaoo  Cole- 
ridge. 

.n.!'J^*  ^^  ^^'^  1*^7  pleaMd  with  tkit  litUe  Tolaiiie. 
rhtt  work  Mfiptiet «  want  whidi  we  have  often  painfally 
relt.  and  alibrdt  a  manual  wbich  we  abould  riadly  aee 

fif*?^  1"J*^ •?**  ^  •^^nr  embryo  nndergraduate. 
We  krak  ftrwMd  to  Mie  next  porUoa  of  ttait  work  with 
very  eager  and  Impatient  ezpecuUon."— BrM«A  Critic. 

"  Mr.  Oderidge'a  woric  not  onl/  deeervea  tbe  praise  of 
dear,  eloquent  and  aclMlar-Uke  ezpotition  of  tlM  preUmi- 
nary  matter,  which  fa  neeeeaary  in  order  to  uodenund 
ind  enter  into  the  character  of  the  ffieat  Poet  of  anti- 
luity ;  but  H  has  Ukewise  the  more  rare  merit  of  beinc 
idmirably  adapted  fbr  iu  acknowledfed  purpose.  It  S 
nrritten  in  that  ftesh  and  ardent  spirit,  which  to  the  con- 
renial  mind  of  youth,  will  oonvey  instruction  in  the 
nost  eAcUTe  manner,  by  awakeninf  the  desire  of  it : 
ind  by  enlistinr  the  lively  and  buoyant  fbelings  in  the 
»ttse  of  nsenil  and  improving  study;  while,  by  its  pieff. 
laat  brevity.  It  is  bmn  likely  to  stimulate  thaii  to  supS- 
«de  mote  proflMind  and  extensive  research.  Jfthen,  asit 
•  avowedly  intended  Ibr  the  use  of  the  younger  readers 
>f  Homer,  and.  as  it  is  impossible  not  to  discover,  with  a 
oore  particBlar  view  to  the  great  school  to  which  the  au- 
nor  owes  his  education,  we  shall  be  much  mistaken  if  it 
loes  not  become  as  popular  as  it  will  be  aseAil  in  that 
elebrated  esUblishment.**— ^a^isr^  Mniew. 

•*  We  sincerely  hope  that  Mr.  Coleridge  will  fkvor  us 
ritb  a  continuation  of  his  work,  which  he  promises.**— 
tent.  ■* — 


i^m^mmm, 


MBCHAHIGB,  HAKUF  ACnTRBt.  Ac 


A  PRACTICAL  TREATISE  on  BjUL 
ROADS,  AMD  INTERIOR  COMlfUlQ- 
CATION  in  GENERAL— <»ntainiv  a 
account  of  the  performaoces  of  thedifin 
Locomotive  Engines  at,  and  soheeqaent  te. 
the  Liverpool  Contest ;  upwards  of  tm 
htindred  and  sixty  Ezperimeiits  whh  lUb 
of  the  comparative  valne  of  Canals  and  Bii- 
roads,  and  the  power  of  the  present  Locodo- 
tive  Engines.  ByNicaouus  Wo(h>,Cq1&it 
Viewer,  Member  of  the  InstkatiQii  of  (M 
Engineers,  &c.  dva  with  plate& 

"  In  this,  the  able  author  has  brong»gt  op  his  ticatiK  ts 
the  date  of  the  latest  improvemenu  in  tHim  oalieatSr 
important  plan.  We  consider  tbe  volomie  to  ke  cm  af 
great  general  intefest.**— lit  Ocz. 

"We  must,  injustice,  lelbr  tto  reewlo-  to  tte  *«fc 
itself;  strongly  assuring  him  that.  wtaetl>er  be  be  a  Bner 
•eience,  or  one  totally  unacquainted  with  its  teteof 
difficulties,  he  will  here  receive  instmcUoa  and  wiemma, 
ina  degree  which  we  have  seldom  seen  viijted  bSnr~ 
MntJkif  Rgt, 


'•  The  author  of  this  elegant  volume  has  collected  a  vast 
lass  of  valuable  infonnation.  To  the  higher  classes  of 
IS..EI."i5»if£?*'^  and  youiM[  men  of  uKlveraities.  this 
oluroewiU  to  especially  valuable;  as  it  will  allbid  an 
greeaMe  relief  of  light  reading  to  more  grave  studies,  at 
nee  instructive  and  eBtertaiiiiqf.**-.9r«f/<ysii  MtuSdigt 
lufuint. 


REPORTS  OH  LOCOMOTIVE  ard  FIXED 
ENGINEa  By  J.  SrsPHnsojr  ani  J 
Walkxr,  Civil  Engineers.  With  an  A> 
countof  the  Liverpool  and  Manchester  Rifl- 
road,  by  H.  Booth.    Li  8vo.  with  plates. 

MILLWRIGHT  amd  MILLER'S  GUIDr| 
By  Outer  Evabb.  New  Edition,  with  a^ 
ditions  and  correcticMis,  by  the  ProfesBor  of 
Mechanics  in  the  Franklin  Institute  of 
Pennsvlvania,  and  a  deecription  of  an  b* 
proved  Merchant  Fknir-Mill,  with  eognf- 
ings,  by  C.  dt  O.  Eyaiv,  En^neers. 


LTLAS  OP  ANCIENT  GEOGRAPHY,  con- 
aiating  of  21  Colored  Maps,  with  a  complete 
Accentuated  Index.  Ik  Samuel  Bittlbs, 
D.  D.,  F.  R.  a  dM.  Archdeacon  of  Derhy. 

By  the  $ame  Author. 

fEOGRAPHIA  CLASSIC  A:  a  Sketch  of 
Ancient  Geography,  for  the  Use  of  Schools. 
In8va 

xtract  of  a  Letter  from  Professor  Stuart  of 

Andover. 

yj^  V^  ^^*  ^H"  C"««i«  ibr  19  or  14  years. 
Id  pieftr  it  on  the  score  of  eonvenienoe  and  eorreoness 

evidenUy  a  work  of  mucti  cars  and  taste,  and  most 

TiL'iSXfai  Ki*"***?*  ««*»"^»wi  inAwd  »1I  others. 
«  SS!?'*^***?  ^!^^  **[«*«  ■•««.  I  have  lonf  cherish! 
a  strong  denie  to  sse  the  work  broufht  ibrward  in  this 
?"l!7.V*"**  i  ??  excjaedingly  gratifled  that  you  have 

l*Si5?f2!***  **^  "°?*^"»«-  The  beaaUftal  manner 
which  the  apeeimen  is  executed  that  you  have  sent  me 
9s  great  credit  to  engnvms  and  puMisherB.  It  cannot 
.A?^!«5*?L**^l"  ■"**  colleges  will  ftil  to  adopt  this 
!^^°i!rl?f*M."'**^*^  «*"«'«*  «»rc«>«»<>n.  fknow 

I?^A  i5f  *ri5l!i^*?^*^**Ji??  «*<»M«nt  work  of  But- 
,  on  Ancient  Geography,  whieh  you  are  printing  as  an 
^mpaniment  tolbe  maps.  I  coiisider  onTof  thS  inoS 
5~^"''«  J^***  of  tbe  kind,  especially  Ibr  young  penoM 
df  V!S  ol^'^  *Si*  ^  "«•  under  my  noSoT  I 


THE  NATURE  amd  PROPERTIES  or  „ 
SUGAR  CANE,  with  Practical  Diiectxw 
for  its  Culture,  and  the  Manuiactare  of  i& 
various  Products;  detailing  the  imnnmd 
Methods  of  Extracting,  Boiling,  R^nim. 
and  DistiUing;  also  Deecriptiooe  oftheBtet 
Machinery,  and  useful  Direetums  for  the 
general  Management  of  Estates.  ByGfiOBfia 
Richardson  Porter. 

'*This  volume  contains  a  valuable  maas  of 
and  practical  information,  and  is,  indeed,  a  < 
of  everything  interesting  relative  to  colonjal 
and  manufacture."— /iii^f^MiMr. 

"We  can  altogether  recommend  this  voliMie  as  a 
valuable  addition  to  the  library  of  the  hoHie  Wot 
merchant,  as  well  as  that  of  the  resident  maBter  -. 

••  This  work  may  be  considered  one  of  the 
ble  books  that  has  yet  issued  ftom  tbe  prew  ». 
with  colonial  interests ;  indeed,  we  know  of  bo 
service  we  could  render  West  India  proprieum. 
reeommending  the  study  of  Mr.  PorterVvolaBie!. 

"  TTie  work  befbre  us  conuins  such  vataahle.  ^-^^nr-- 
and  practical  information,  that  we  have  do  doabt  it  wiB 
And  a  niace  in  the  library  of  every  idanter  iSd 
connected  with  our  sugar  colonies.** — MvmiJU^ 


A  TREATISE  ON  MBCHANIC&  ^Jaus 
Rrnwick,  Esg.  Professor  of  Natural  and 
Experimental  Philosc^y,  Columbia  CoUece, 
N.  r .    In  8vo.  with  numerous  atgravinia 


ehewfttrs,  Jtatttval  fVetars,  tun  PiOtsBVlis. 


CBMtOMrWLY  OF  VHB  A&Tfl,  om  tiM 
of  Oray^a  €>pMrmtiT«  CiMmtot,  iMiBff 
MxhlMttoiA  of  t^e  Arte  aad  MaaufiM- 
depwUtoBt  om  Ckemieal  Pringlpto«» 
ftwmeroM  E»sr*Tlng%  b^  ARTHI7R 
>mTBB,  K*  !>•  Ut«  ProfMNMT  of 
C^mvaUtry^  *«•  Ia  Um  UAiir«rslt7  of  Ver> 


t 


The  popular  and  valoable  Englieh  work  of  Mr. 
Gray,  which  ibrmi  the  groandvi^ork  of  the  preaent 
▼olame,  waa  publiahed  in  London  in  1829,  and  de- 
aigned  to  exhibit  a  ayatematic  and  practical  view  of  the 
numeroiia  Aria  andTManttfiMnarea  which  involve  the 
apDliaUion  of  Chemical  Soienoe.  The  author  himael^ 
a  M:tffiil,  mann&ctnring,  ae  well  as  an  able,  scientific 
(^emiat,  enjoying  the  multiplied  advantages  affimied 
by  the  metropolis  of  the  greatest  manu&ctuhng  nation 
on  earth,  was  enunently  qualified  ibr  so  aiduous  an 
undertaking,  and  the  i>opularity  of  the  work  in  Eng- 
land, aa  wmI  as  its  intrinsic  merits,  attest  the  fideUty 
and  success  with  which  it  has  been  executed.    In 
the  work  now  offered  to  the  American  public,  the 
practical  character  of  the  Operative  Chemist  has  been 
preserved,  and  much  extanded  by  the  additioo  of  a 
great  variety  of  original  matter,  by  numerous  correc- 
bom  of  the  origind  text,  and  the  adaptation  of  the 
whole  to  the  state  and  wants  of  the  Arts  and  Manu- 
&cturea  of  the  United  States.     Amonff  the  most  con- 
Bideiable  additions  will  be  found  full  and  extended 
treatises  on  the  Bleaclung  of  Cotton  and  Linen,  on  the 
vaiiooi  branches  of  CaUoo  Printing,  on  the  Manufiu:- 
tore  of  the  Chloride  of  Lime,  or  Bleaching  Powder, 
and  numerous  Staple  Articles  used  in  the  Arts  of 
Dying,  Calico  Printmg,  and  various  other  processes 
of  Manu&cture,  sudk  as  the  Salts  of  Tin,  Lead,  Blan- 
ganese,  and  Antimony;  the  most  recent  Improve- 
ments on  the  Manu^ctare  of  the  Muriatic,  Nitric, 
and  Sulphuric  Adds,  the  Chromatea  of  Potash,  the 
latest  iimrmation  on  the  comparative  Value  of  Dif- 
ferent Varieties  of  Fuel,  on  the  Constructicm  of 
Stoves,  Fire-Plaees,  and  Scoving  Rooms,  on  the  Ven- 
lila^  of  Apartments,  &c  &c    The  leading  object 
has  been  to  improve  and  extend  the  jmicCiau  chaiac- 
ter  of  the  Operative  Chemist,  and  lo  supply,  as  the 

SUklherB  flatter  themselves,  a  deficiency  which  is 
t  by  every  artist  and  manu&cturer,  whose  processes 
involve  the  prindples  of  chemical  science,  the  want 
of  a  Shrstematic  Work  which  should  embody  the  most 
recent  improvements  in  the  chemical  arts  and  menu- 
fiietorea,  whether  derived  from  the  researches  of  sci- 
entific men,  or  the  experiments  and  observations  of 
the  curative  manufiu^tnrer  and  artinuis  themselves. 


GEOLOGICAL  MANUAL,  ly  H.  T.  De  la 
Beche,  F.  R.  S.,  F.  G.  a,  Mem.  GeoL  Soc. 
of  France.    InSva  With  104  Wood  Cuts. 

ELEMENTS  of  PHYSICS,  oe  NATURAL 
PfflLOSOPHY,  GENERAL  amd  MEDI- 
CAL, explained  independently  of  TECH- 
NICAL MATHEMATICS,  and  containing 
New  Disquisitions  and  Practical  Sugges- 
.tions.  By  Neux  Arnott,  M.  D.  S^nd 
American  from  the  fourth  London  edition, 
with  Additions  by  Isaao  Hatb,  M.  D. 

'*Dr.  Amotrs  work  has  done  for  Physics  as  much  as 
Loeke's  Essay  did  fbr  the  scieaoe  of  ndndT—Lndon  Uni- 
vertitjf  MagtudnB. 

**  We  may  venture  to  predict  that  it  will  not  be  surpass- 
ed.**—T^Hmw. 


OHBMIOAIi  MAHIPUIiATION*  IiutrnetUm 
to  ItwdevU  MS  tlM  MetlkocU  oit  perftorm- 
lm|p  KxpeiinaeMta  of  Densonstratioa  or 
R•aeorcl^  vrltls  •ecvrsiey  and  aiteeesa*  By 
MICHABIi  FA&ADAT,  F.  lU  S.  V%xU 
AaaarleaiB^  fk^Mst  the  aecoad  lioadon  edl" 
ti•s^  wMfc  Addttioaa  1»jr  J.  K.  BOTOHKLI*, 


**  Dr.  A.  has  not  done  less  for  Phrsies  than  Blackstons 
did  for  the  Law.**— JHmus/  Herald. 

*'  Dr.  A.  has  made  Natural  Philosophy  as  attractive  as 
Buflbn  made  Natural  History.**— JFVtadb  Critic. 

'*  A  work  of  the  hif  best  dass  amonf  the  prodactions  of 
mind.*'— OniHtr. 

"  We  regard  the  style  and  manner  as  quite  adndrable.*' 
^Morning  CkmieU. 

**  As  interesting  as  novel-reading.**— yftA<ii««m. 

*'  Never  did  philosophic  band  wield  a  pen  more  calcu 
lated  to  win  men  to  be  wise  and  gqodJ'^—Edinkurgk  Ob 
Mwrcer. 

«'  Of  this  valuable,  or  we  might  say,  invaluable  work 
a  second  ediUon  has  been  speedily  demanded  by  the  pub 
lie  voice.**— Lit.  Oat. 

A  FLORA  OF  NORTH  AMERICA,  with 
108  colored  Plates.  By  W.  P.  C.  Babtom, 
U.D.    In  3  vola  4ta 

ARNOTTS  ELEMENTS  of  PHYSICS 
VoLILPartL    Containing  Light  and  Heat 

••  Dr.  Amolt*s  previous  volume  has  been  so  well  recciv 
ed,  that  it  has  almost  banished  all  the  flimsy  production 
called  popular,  which  folsely  pretend  to  strip  science  oi 
its  mysterious  snd  repulsive  aspect,  and  to  exhibit  a  holy 
day  apparel.  The  success  of  such  a  work  shows  mos 
clearly  that  it  is  plain,  but  sound  knowledge  which  tb 
public  want.**— Jli9»fA/y  lUtim. 

AMERICAN  ORNITHOLOGY,  oe  NATU 
RAL  HISTORY  of  BIRDS,  inhabitiik 
THB  UNITED  STATES,  by  Chaelbs  Lv 
cnw  Bomapabtb;  designed  as  a  continua 
tion  of  Wilson's  Ornithology,  Yds.  L  II 
andm. 

*/  Gentlemen  who  poasess  Wilaon,  and  are  d( 
aizous  of  rendering  the  work  complete,  are  informe 
that  the  edition  of  thia  work  ia  very  small,  and  tho 
but  a  very  limited  number  of  copiea  remain  unaolc 
Vol  IV.  in  the  Press. 


*'  After  a  very  careful  perusal  of  this  work,  we  strena- 
onsty  reeonunend  it,  as  eonuinlag  the  most  complete  and 
excellent  iaainietions  for  eondacting  cbeasical  experi 
awDU.  There  are  few  persons,  however  grest  their  ex- 
perience, who  BMy  not  gain  information  in  maay  impor- 
tant particulara;  and  for  oursslves,  we  beg  most  unequiv- 
ocally to  acknowledge  that  we  have  acquired  many  new 
and  toportant  hints  on  subjects  of  even  every -day  occur* 
rmce.**— PMisMtpMesi  Mag. 

"  A  work  hitherto  exeeedinclv  wanted  in  the  labora- 
tory, equally  asefol  to  the  proficient  and  to  the  stodeat, 
sad  emiaently  creditable  to  tbs  iadastry  and  skiU  of  the 
aathor,  aad  to  the  school  whsaca  it  essaaatea.** 
not  tfSeitmf  eatf  JM$. 


A  DISCOURSE  ON  the  REVOLUTIONS  o 
TH«  SURFACE  OF  THB  GLOBE  ahd  th 
Chahobb  thermy  produced  in  the  AN] 
MAL  KINGDOM.  By  Baron  G.  Cuvibi 
Translated  from  the  French,  with  lUnstn 
tions  and  a  Gloeeary.  In  12ma  With  Plat« 

'  One  of  the  most  scientific  and  important,  yet  pUi 

and  lucid  works,  which  adorn  the  age. Here  is  vai 

aid  to  the  leader  interasted  in  the  study  of  nature,  as 
the  lights  which  reason  snd  investigation  have  throw 
upon  ths  formation  of  ths  universe.**— JlOne  MmUiiy  Mt 


PHTSIOIiOeiCAL.  MEDICTIHrE  AND  AITATOHY. 


mffrORY  OF  CHRONIC  PHLEGBfASI^ 
OR  INFLAMMATIONS,  founded  on  Clin- 
ical Experience  and  Patholoprical  Anatomy, 
exhibiting  a  View  oi  the  dirorent  Varieties 
and  Complicationa  of  these  Dieeaaes,  with 
their  vanons  Methods  of  Treatment  By 
F.  J.y.  BEOvssius,  M.  D.  Translated  from 
the  French  of  the  fourth  edition,  by  Isaac 
Hats,  M.  D.  and  R.  Eglssfkld  GRimrH, 
M.  D.  Members  of  the  American  Philosoph- 
ical Society,  of  the  Academy  of  Natural 
Science,  Honorair  Members  of  the  Phila- 
delphia Medical  Mxiety,  &c  6lc  In  2  vols, 
era 

EXAMINATION  OF  BiEDICAL  DOC- 
TRINES AND  SYSTEMS  OF  NOSOL- 
OGY,  preceded  by  Propositions  containing 
the  Substance  of  Physiological  Medicine, 
by  F.  J.  V.  Bkovssais,  Officer  of  the  Royal 
Order  of  the  Legion  of  Honor ;  Chief  Phy- 
sician and  First  Professor  in  the  Military 
Hospital  for  Instruction  at  Paris,  &c  Thira 
edition.  Translated  from  the  French,  by 
Isaac  Hats,  M.  D.  and  R.  E.  GurnTH, 
M  D.    In  2  vols.  Qro,    In  the  press. 


A  TREATISE  ON  PHYSIOLOGY.  Applied 
topATBOuxiT.  By  F.  J.  y.  Bkoussais,  M.  D. 
Translated  from  the  French,  by  Drs.  Bell 
and  La  Rochs.  6va  Third  American  edi- 
tion, with  additions. 

**  W«  eaonot  too  itronfly  rMommend  the  pr«MBt  work 
to  the  attention  of  our  readers,  and  indeed  of  all  tboee 
MTlio  wish  to  fltndy  phrtiolnfy  aa  it  ought  to  be  atudied, 
in  its  application  to  the  acience  of  diaeaae.**  **  We  may 
wfely  My  that  he  has  accomplished  his  task  in  a  moat 
oaasterly  manner,  and  thus  established  his  reputation  as 
a  most  excellent  physioloctst  and  profound  patholofiat." 
— AVrfA  JimerieMU  AM.  Mnd  Surg.  Jturm,  Jmm.  IStf. 

THE  PRINCIPLES  AND  PRACTICE  OF 
MEDICINE.  By  Samuel  Jacksor,  M.  D. 
Adjunct  Professor  of  the  Institutes  and  Prac- 
tice of  Mecicine  in  the  University  of  Penn- 
sylvania.   8va 

THE  PRACTICE  OF  MEDICINE,  upon  the 
Principles  of  the  Physiological-  Doctrine. 
By  J.  G.  CosTiB,  M.  D.  Translated  from 
the  Frencji. 

\n  EPITOME  OF  THE  PHYSIOLOGY, 
GENERAL  ANATOMY,  ahd  PATHOL- 
OGY  OF  BICHAT.  By  Thomas  Hender- 
son, M.  D.  Professor  of  the  Theory  and 
Practice  of  Medicine  in  Columbia  Colle^ 
Washington  City.    8va 

**  The  Epitome  of  Dr.  Henderson  ought  and  mnst  find  a 
ilace  in  the  library  of  every  physician  desirous  of  useful 
mowledfe  fcr  himself,  or  of  beinf  instrumental  in  im- 
Ntrtinf  it  to  others,  whose  studies  he  is  expected  to  super- 
nteod."— JV.  Jl.  JIM.  antf  Surg.  J^mm.  JW.  13. 

V  TREATISE  on  FEVER,  considored  in  the 
spirit  of  the  new  medical  Doctrine.  By  J. 
B.  BoiMEAV.  Translated  ftom  the  French. 
In  the  Press. 


DIRECTIONS  rat  MAKING  ANATOK 
IC AL  PREPARATIONS,  fonned  on  Ai 
basis  of  Pole,  Maijolm  and  Brad»t,ai 
inclndinf  the  new  method  of  Mr.  Smn,  V 
Usher  Pasbow,  M.  D.  Profeanrof  Anto^ 
and  Surgery.    In  1  VoL  Sra  withphtei 

A  TREATISE  ok  PATHOIXXJICAL 

ANATOMY.     By  William  E.  H<m 
M.  D.  Adj.  Prof  of  Anitomy  in  the  Udiw- 

sity  of  Pennsylvania. 

'' We  can  eonseientiooaly  eoBuwnd  it  ts  the  «■*«' 
the  profcsaion,  as  a  satisihctorj.  iaterertisf.  tidans 
tive  view  of  the  sul^eeu  dlscoaed,  and  m  vdl  a*|H 
to  aid  them  in  forminf  a  eorrect  appRtiatios of  tle4» 
eaaed  conditions  they  are  ealled  on  toieUefe.'-JMM 
Jeama/  ^  tk§  Medieel  SdtiMS,  JV^  9. 

By  the  same  Author. 

A  TREATISE  on  SPECIAL  ahd  GENERAL 
ANATOMY.  Second  editkm,  rcried  d 
corrected,  in  2  Vdla.  8va 

LESSONS  IN  PRACTICAL  ANATOMT. 
for  the  use  of  Diswctors.  2d  editico,  m' 
VoL  8m 

SYSTEM  OF  ANATOMY,  for  the  oierfSfr 
dents  of  Medicine.  By  Ca»ii  Wjtj 
Fifth  edition,  revised  and  corrected,  l»f  »* 
E.  IIoENER,  Adjunct  Professor  of  AmW 
in  the  Univeraty  of  PcnneylwiM.  u  2 
VolaSva 

ELEMENTS  of  GENERAL  ANATOMT 
or  a  description  of  the  Orgww  coopfWP 
the  Human  Body.  By  P.  A  Bsmia,  ^ 
fesBor  of  Anatomy  to  the  Fwulu  of  leu- 
cine at  Paris.    Translated  bj  J.  T«a» 

TREATISE  ON  SURGICAL  ANATOMT^ 
By  Abraham  Colles,  Professor  of  AwW^t 
and  Surjfery,  in  the  Royal  College of»- 
ffeons  in  Ireland,  Ac  Secood  Anenw 
edition,  with  notes  by  J.  P.  Hoph*^!^ 
monstrator  of  Anatomy  in  the  Uoiveisty* 
Pennsylvania,  Slc.  6ic. 

A  TREATISE  on  PATHOWGKAL 
ANATOMY.  ByEGEDDnwe,M.^^ 
lessor  of  Anatomy  in  the  Medial  CoU^  « 
South  Carolina.  In  2  vols.  8vo.  (^  ^ 
press.) 

ELEMENTS  OP  MYOLOGY.  By^^ 
Dmoa,  M.  D.  Ulustrated  by  ^f^^JZ 
tiful  Engravings  of  the  Muscles  of  tt^ 


man  B(3y,  on  a  plan  heretofore  vxa^ 
in  this  country.    In  the  press.       ^^ 

Thia  work,  in  addition  to  tn  ^>e*«  •^i^^ 
descriptioii  of  the  general  and  »Peaal  aw^^  j, 
niMcuUr  ■ystem.  will  comprise  "''*JjjJ|ii<r. 
subject  from  comparative  inatoo^  *"VJ2oi»  •■' 
with  an  account  of  tha  irregnlintiA  "J^ipji 
aonmaliea,  ohaerved  bjr  the  ▼tfiogi'!^^ 
em  aoatomtata,  down  to  the  pf8«ol  M* 


A  TREATISE  on  FEVER.  Br  Sovrtnroofi 
Sian,  H.  D.,  PhTmcisn  to  the  Loudon 
Fever  Hoi^tBl. 

"NoWMkkubaniiign  lanrM  br  (l»  Kariawi  Ihu 
(M  ItailMi  m  Finn,  br  BauilnroM  BmiU.  Dr.  JakB- 
•OD,  IlK  tUut  of  Iba  HfdtccMrtiiniritciU  Bsrigw.  on. 

(m  Bowtd  ftom  Um  pgn  of  pl^r'I'iiB  1b  uj  ■§•«!■ 

Af  essay  on  RESnTTENT  urn  INTER- 
MITTENT DISEASES,  inclodiuj  gmieric- 
klly  Hanh  Fever  uid  Nennlgia — compria- 
ing  under  the  foimer,  Tinotw  Aocraalie^ 
Obacaritk^  and  ConaeqaeDcee,  uid  ander  a 
new  nitenwtic  View  or  the  latter,  treating' 
tf  Tic  Doaknireax,  Scistka,  Headache, 
Ophthalmia,  Toothache,  PalMj,  and  many 


A  PRACTICAL SYNOPSIs'op'cUTANE- 
OUS  DISEABEB,  rrom  the  most  cetebrated 
Aathora,  uid  paiticul&rlT  firom  Documents 
afibrded  by  tbs  Clinical  Lectarea  of  Dr. 
Biett,  Phraician  to  the  Hoapital  cf  St  Louia, 
'~  '  By  A.  Cazehavb,  M.  D.  and  H.  E. 
M.D. 

uMf  [HomnKWl  ihi*  work  to  Uw  iiUnllon 
-  mocti  incUcal  Inlbm- 

l  in  hex  tilt  MR  tn*ti« 

en  A^^  ^  liiii  JAiUica/Mwo,  M.S. 

SURGICAL  MEMOIRS  OP  THE  RUSSIAN 
CAMPAIGN.  TraiuUted  Irom  tha  French 
oTBaroD  Lukkv. 

LECTURES  ON  INFLAMMATION,  exhib- 
ituv  K  view  of  the  General  Doctrme^  Pa- 
tboJogical  and  Practical,  of  Medical  Sur- 
seiy.  Bf  Josh  THOXFaoH,  M.  D.,  F.  R.  a  E. 
SecMkd  American  edition. 

THE  INSTITUTES  AND  PRACTICE  OF 
SURGERY;  being  the  Outlines  ofaConrae 
of  Leclurea.  By  W.  Giason,  M.  D.  ProfeB- 
wot  of  Surmry  in  the  University  of  Pennsyl- 
vania.  3d  edition,  revised,  corrected,  and 
enlarged.    In  2  vols.  8vo. 

PRINCTPLES  OP  MILITARY  SURGERY, 
cunprisinf  Obeervation*  on  the  Anange- 
inenta,  Police,  and  Practice  of  Hc^ritals, 
and  on  the  Hiatoiy,  Treatment  and  Anoms- 
UeaofViriola  and  Syphilis;  illuttrated  with 
case*  and  disaectkna.  By  John  Hekken, 
M.  Dm  F.  R.  S.  E.  Inspector  of  Military 
Hoepitala — firat  American  ftom  the  third 
l^on  edition,  with  the  Life  of  the  Author, 
by  hia  aon.  Da.  Johh  Hbnkkh.  - 

"TbB  nloiof  Di.  HaaHB'i  wnrfc  li  too  will  igitncl- 
BUd  loBM^  tnjyn\Kof "■■ " 


.  u  Mac  ihg  Ibitd  adlttoa 
n :  lof  taviBf  ih)K  Ilii%  i 
vluBa  BHfiu  a  ^Ke  ia  f 
MTj  nrioaB  DBfBt  lo  bo  *J 


'RllTBd 


ind  ntppB 
mthaV 
Kgelow, 


and  Wn 
Feain,  C 

nibiiiihei 

f  ebnuy,  Miy,  and  Ai^iut.  EmcIi  No.  coDUiiw 
■hnil  HO  lw|«  Svo.  pagoBi  and  o»  or  mora  dImo* 
— bsing  ■  groBtcT  amount  oT  matler  Ihail  b  Iut- 
oMtod  tr  BDv  DllwiMtdical  Jdnnd  in  the  Uoilisi) 
StBlSi.   Pike  99  per  BonoiD. 

The  fidlowing  Eztrada  ahow  the  eatimatkn! 
I  which  thia  Journal  ia  brid  in  Europe :—       j 

Banral  of  iha  Aoiakan  JoBTBOto  ir 


B  for  Us  IBlBBU  BDAbMUUM."— InilMJMMBBtf 

rgialJmrw*!,  Jtmk.  1890. 
no  AoMrtcBB  ImidbI  or  Ua  Msdkal  BdwKst »  on* 

^rMlcal  pghlicaUoai  oT  tkl  Unlliil  BUMi."— bSmi 
*•  tantm  jmdiitim,  T».  XIV, 

PATHOLOGICAL  aot  PRACTICAL  BE- 
SEARCHES  OH  DISEASES  or  TBI  BRAIN 
um  SPINAL  CORD.  By  Jon  Abbcsom- 
Bia,M.  D. 

work  of  KBlhorilT,  BBd  ana  w 


lo  Ub  BBlboi  Bod  bi 


■— AknJ  .*iirr. 


By  the  lame  Avthor. 
PATHOLOGICAL  *jn>  PRACTICAL  RE- 
SEARCHES OB  DISEASES  or  thk  STO- 
MACH, THK  INTESTINAL  CANAL,  the 
LIVER,  ANo  OTttKB  VISCEIRA  or  tu 
ABDOMEN. 

^Wa  bave  now  ckoad  a  tcij  [oBf  nviov  of  b  nrj 
IubMq  n«k,  BBd  altboiafli  wt  lian  andoaTOBd  lo  con- 
on  Into  aar  ptfn  a  mit  mtm  of  iiBBDRBat  aiatwr, 
I  feel  tlial  oar  auibor  ba*  not  Tit  roMinl  iMitc*."— 
JMitt-  atnrflctt  Snim. 

,  RATIONAL  EXPOSITION  ov  rm 
PHYSICAL  SIGNS  or  DISEASES  or 
THK  LUNGS  AW  PLEURA ;  IHnstiatiDg 
their  Pathology  and  Ikeililsting  their  Diag- 
noeia.  By  Chaklo  J.  Wiujub,  M.  D.  In 
8vo.  with  plates. 
TiTBan  not  (TSBlly  BiktakBD,  il  winieBd  lo  1  belter 
a  aBjr  IWtii  thai  baa  fat  Bpreareil." 


MANUAL  or  mm  PHT8IOLOGY  or  MAN; 
or  a  coociw  Deacripfiaa  of  the  Pbenoraena 
of  his  Organization.  ^  P.  Hvm.  Trana- 
lated  ftom  the  Frencl^  with  Notea,  by  J. 
TooHo.    In  ISroo. 


*n  PRACTICE  of  KIYfitta  Bf  W.  P. 
Dbwim,  M.  D.  A4iuiict  Profeaor  of  Mid- 
wi^,  in  the  UBhreni^  of  Pemiijrlvuua, 
2Vok8vo. 


Tb  anatomy,  physiology,  Ajm  VHS- 
EASES  or  TVS  TEETH.  BfTmnumBmi^ 
F.R^F.L^^^  In  ItoLSvo.  WhhPkla 

ta 


**  We  have  no  bMiUliMi  te  r^WMWiitin  H  m  M- 
idly  OM  of  Uw  bert  tfmmM  of  —iiBiif  ezUat.  Tbe 
raor  of  tiM  wwk  ia  iMHnI  MiMM  tte  MglMt  IMMT  oa 

T.  DewMt*f  ulMita.  iodiMtnr.  and  eapaeity  Cor  tbe  ex^ 
dtionortlHardBOMtMkwboktwtaadandBrUtoa.  It 
I  one  of  tte  OKMt  aMe  aad  Mtiiteetonr  works  whidi  Boi- 
m  timet  have  arodaeed.  and  will  ha  a  ntndard  aaltaori- 
r.**— LMdni  JMM.  «fld  aturg.  Jmnmi,  Jtmg,  ISM. 

)EWEES  OH  nn  DISEASES  or  CHIL- 
DREN. 4th  ed.  In  8va 
The  ot9M«B  of  thk  work  ara,  lat.  ID  tMMsk  Ihow  who 
Ava  tha  chMga  <f  ohiklnn,  aitfaar  ae  parant  or  ciMT- 
iaa*  tha  moat  apfMoved  matbodi  of  aacurmg  and  im- 
eoTing  tbair  phnkal  powaia.  Thia  ia  astamptad  bjr 
ointinff  out  Aa  dutiaa  whk^  dia  parant  or  tha  goar^ 
ten  owaa  fcr  tha  purpoaa.  to  thia  intwaating.  hut 
lelplaai  cImb  of  baine^  and  tha  mannar  by  which 
heir  dotiaa  abaU  ba  foUllad.  And  9d,  to  randar 
ivailabla  a  kng  anarianca  lo  diaaa  objactaof  oar 
(flection whanftaybacoaaa diaaaaad.  Inattaani^ 
hit,  tha  aothor  hat  a^oidad  at  much  at  poaabto, 
technicalityr  and  hat  giTon.  if  ha  doaa  not  flattar 
uBMaif  too  Bmch,  lo  aacfa  diaaaaa  of  which  ha  treata, 
ta  appfopriata  and  draignafint  characlara,  with  a 
idaUtr  t£t  will  pravant  any  two  baing  coDftondad 
oaatfaar.  with  iha  baat  noda  of  traating  than,  that 
ndiar  hk  own  eiparianoa  or  that  of  oihafB  haa  ang- 
(OiAad. 

DE WEES  ov  m  DISEASES  or  FEMALEa 
8d  editioD,  with  Additions  In  Qro. 

A  COBIPENDIOUS  SYSTEM  OF  BIID- 
WIFERY;  chiefly  designed  to  ftcilitate  the 
Inquiriee  of  those  who  may  he  panning  this 
Branch  of  Stody.  In  8vo.  with  18  Plates.  Gth 
edition,  corrected  and  enlarged.  By  W.  P. 
Dbwekb,  M.  D. 

The  ELEMENTS  OF  THERAPEUTICS 
AND  MATERIA  MEDICA.  By  N.  Chap- 
MAif,  M  D.  2  vdb.  8va  &th  edition,  cor- 
rected and  revised. 

MANUAL  or  PATHOLOGY:  oontainmg 
the  ^nnptoina,  Diagnosis,  and  Morbid  Char- 
acter of  Diseases,  &c  By  L  MAmToisT. 
Translated,  with  Notes  and  Additions,  by 
Jom  QuAiN.  Second  American  Edition, 
12mo. 

*'  We  ttronfly  rcr'>nim*nd  M.  Martiaet'iManaal  to  the 
profeMion,  and  e^p  <  i  illy  to  ttadeatt ;  if  the  latter  with 
to  ttudy  diteaetc  to  advaatafe.  they  thoold  alwajn  hare 
it  at  hand,  both  when  at  tbe  btdtide  of  the  patient,  aad 
when  makinf  pott  mortan  eiaminationt."— jftMricaa 

CLINICAL  ILLUSTRATIONS  or  FEVER, 
comraising  a  Report  of  the  Cases  treated  at 
the  London  Fev«r  Hospital  m  1828-29,  by 
Alexander  Tweedie,  M.  D.,  Member  of  the 
Royal  College  of  Physicians  of  London,  &c. 
1  voL  Qvo, 

**  In  tbort,  Ike  pceaent  Work,  concite,  unottanUtiotu 
M  it  it,  woald  have  led  na  to  think  that  Dr.  Twaadte  wat 
■  man  ofelear  iodgmeai,  anfrtlaied  by  attaehmaat  to 
anv  tethionable  bypothe  fit,  thit  lie  wat  an  energetic  bat 
iuAeioat  practitioner,  tjid  that,  if  lie  did  not  daale  hit 
readen  with  the  brilliaricy  of  theoretical  tpeculatioat,  he 
would  coaimand  their  .iitent  to  the  tolidity  of  hit  didac- 
tic preceptt."~JIM.  C»  Jr.  Journal. 


-Mr.BeH  haa  avMeatly 
woife  of  lateaaca  Ibr  tha  i 
a>r  the  ftadant,  eoataining  a  *  ptain  aad 
of  tha  inlbnaatioa  at  pcatant  pnwctanil 
aad  reaalta  of  the  aattaor^  owa  i 
f^g^oB,**'  •  •  «  **  We  BMtt  BOW  taka 
whota  work  we  have  ao  doubt  will 
OB  the  laBportaat  anldect  oTdtBtal 
Mt  JuaiMt. 
'a  hart  bo  beaiutioa  in 


beat  treatite  in  the  BngUth  lanmafe.'* 
MiMnl aad  JlifyicaljSania^jyb.  Ml 


H  ttkbelfer 


AMERICAN    DISPENSATORY.        KmA 

Edition,  improred  and  ffreallv  enlarged.  % 

John  Emdmam  Cqzb,  11 D.  Proft— ui  of  lb- 

teria  Medica  and  Pharmacy  in  tbe  Unive^ 

nty  of  Pennsylvania.    In  1  voL  8va 

%*  This  new  aditkn  haa  been  aiiauyad  mak  ^^ 
dafreiereiioa  to  tha  lecent  ~ 


in  Philadelphia  and  Naw-Yoik. 

ELLIS'  MEDICAL  FORMULARY.  The 
Medical  Fonnnlaiy,  being  a  ooDectiaD  of 
prescriptioos  derived  from  tbe  writings  aid 
practice  of  many  of  the  most  eminent  Vhj- 
sicians  in  America  and  Eur(»e.  By  Bbuiid 
Ellis,  M.  D.   Sd.  edition.   With  Addititt 

**  We  woald  etpadally  reeoamend  it  to  oor 
dbtant  parte  of  the  eoaatry,  wboae  iaanlatcd 
nay  pnvaat  thtai  ftoBi  baviiBy  aoeata  to 
ritiet  which  have  been  eonaoltad  in 
Halt  Ibr  thit  work.**— PM/.  Mti.  aad 


ttei 


MANUAL  or  MATERIA  MEDICA  mM 
PHARMACY.  BylLM.  EdwakbcME 
and  P.  VATASBEirm,  M  D.  comprising  a  coo- 
cise  Description  of  the  Articles  used  ■ 
Medicme;  their  Physical  fluad  CbenieL 
Properties ;  the  Botanical  CharacteiB  of  tk 
Meoicinal  Plants ;  the  Formula  for  the  Pm- 
cipal  Officinal  Preparations  of  the  Amsricn. 
Parisian,  Doblin,  ac  Pharmacopoeias;  vii 
Observations  on  the  ymper  Mode  of  oombn- 
ing  and  administermg  Remedies.  Tms- 
lated  from  the  French,  with  nnmerooB  Ad- 
ditions and  Corrections,  and  ad^ited  to  tk 
Practice  of  Medicine  and  to  the  Art  of  Ite- 
mncv  in  the  United  States.  Br  Joskph  IW 
NO,  M.  D.  Member  of  the  Pbihde^ihia  Md- 
ical  Society,  and  El  Dvkahis  Member  of  tk 
Philadelphia  College  of  Pharmacy.  . 

"It  containt  all  the  pbarmaeentieal  iaibratatiea  iW 
thaphjaiciaacandetira,aad  in  addition,  a  laiferBMiif 
infonnaUon,  in  relation  to  the  propertiea,  Mac  oftkiM 
ferent  articlet  and  preparationa  eaofdoyad  in 


than  aayofthe  dlapeaaatoriet,  and  we  tUsk  will  entiirif 
taiNrtaile  all  thete  puUicatioat  in  the  library  of  tfaepiy 


tidaa.**— .«tk  Jnm.  ff  tk$  MtHemt  Sti 

MEMOIR  OM  THB  TREATMENT  or  YEN& 
REAL  DISEASES  wrraovrr  MERCURY, 
employed  at  the  Military  Hospital  of  tk 
Val-de-Grace.  Trandated  from  tbe  Fnnd 
ofH.M.J.Desruelles,M.D.&c  Tovhidt 
are  added.  Observations  by  G.  J.  Giitiine, 
Esq.  and  varioos  documents,  showing  tlie 
results  of  this  Mode  of  Treataient,  iaUfesi 
Britain,  France,  Germany,  and  America. 
1  voL  Sra 
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To  adapt  the  abore  work  to  the  wnnts  of  thb  oonntry,  the  pobUihera  haTO  engt^  the  iMistuice 
of  many  of  our  most  eminent  i^ysicianB,  and  they  pledjre  tbemselyes  that  no  exertion  aha]]  be  spared 
to  render  it  worthy  of  patronage.    It  will  be  published  in  monthly  niHnbers,  price  50  eta.  112  pp.  each. 


CrCLOPJEDIA  OF  PRACTICAL  MEDICINE. 


Thb  want  of  a  compreheosive  work  on  subjects  connected  with 
[Tactical  Mbdicinb  including  Pathology  and  Pathological  Ahat-  I 
oMYj  is  one  which  has  long  existed  in  this  country.  The  Medica 
Dictionaries  heretofore  published,  and  the  Systems  of  Medicine  ii 
the  hands  of  the  student,  may  be  said,  without  invidiousDess,  to 
fall  very  far  short  of  presenting  the  English  reader  with  such  a 
compendious  survey  of  the  actual  state  of  British  and  Forek:5 
Mbdicinb  as  is  absolutely  required  by  him.  Some  of  them  are  too 
limited  and  too  superficial  in  their  character;  others  are  too  volu- 
minous, too  intricate  in  their  arrangement,  and  too  indiscriminate 
in  their  contents;  and  all  are  open  to  the  serious  objection  of  fail- 
ing to  represent  the  improvements  and  discoveries  by  which  the 
scientific  labors  of  the  members  of  the  medical  profession,  in  vari- 
ous parts  of  the  world,  have  been  rewarded  since  the  cmnmence- 
ment  of  the  present  century. 

It  is  the  object  of  the  CTCLOP-fiWA  or  Practical  MfiDicmE  tc 
supply  these  deficiencies,  and  to  meet  the  acknowledged  wants  of 
the  medical  reader.  Such  ample  arrangements  have  been  madt 
for  eflfecting  these  important  objects,  as  enable  the  Editors  to  Uj 
before  the  public  the  nature  and  plan  of  a  publication  in  which 
they  have  endeavored,  by  dividing  the  labor  of  a  work  includiDg 
subjects  of  great  diversity,  and.  all  of  practical  importance ;  bj 
combining  the  valuable  exertions  of  several  contributors  already 
known  to  the  medical  public;  by  excluding  mere  technical  and 
verbal  explanations,  and  all  superfluous  matter ;  and  by  avoiding 
multiplied  and  injudicious  divisions ;  to  furnish  a  book  which  will 
be  comprehensive  without  diflfuseness,  and  contain  an  account  at 
whatever  appertains  to  practical  medicine,  unembarrassed  by  dis- 
quisitions and  subjects  extraneous  to  it. 

In  pursuance  of  this  design,  every  thing  connected  with  what  i? 
commonly  called  the  Peactice  op  Physic  will  be  fully  and  cleark 
explained.  The  subject  of  Pathology  will  occupy  particular  at- 
tention, and  ample  information  will  be  given  with  relation  to  Pa- 
thological Anatomy. 

Although  the  excellent  works  already  published  on  the  subjects 
of  Materia  Medica  and  Medical  JuatspauDBNCB  can  be  so  readily 
and  advantageously  consulted,  as  to  make  the  details  of  those 
branches  of  science  uncalled  for  in  the  Cyclopaedia,  it  belongs  to 
the  proposed  plan  to  comprise  such  general  notices  of  the  applica- 
tion and  use  of  medicinal  substances  as  may  be  conveyed  in  a 
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greneral  account  of  each  class  into  which  they  have  been  divided, 
^s  of  Tonics,  Na&ootics,  &c.;  and  to  impart,  under  a  few  heads, 
Eis  Toxicology,  Suspended  Animation,  &c.  such  information  con- 
nected with  Medical  Jurisprudence  as  is  more  strictly  practical  in 
its  character. 

It  is  almost  unnecessary  to  say  that  a  work  of  this  description 
will  form  a  Libra&t  of  PaAcricAL  Medicine,  and  constitute  a  most 
lesirable  book  of  reference  for  the  general  practitioner,  whose 
numerous  avocations,  and  whose  want  of  access  to  books,  afford 
iiim  little  time  and  opportunity  for  the  perusal  of  ipany  original 
works,  and  who  is  often  unable  to  obtain  the  precise  information 
which  he  requires  at  the  exact  time  when  he  is  in  greatest  need  of  it 

The  Student  of  Medicine,  who  is  attending  lectures,  will,  also, 
by  means  of  this  work,  be  enabled,  whatever  order  the  lecturer 
may  follow,  to  refer,  without  difficulty,  to  each  subject  treated  of 
in  the  lectures  of  his  teacher ;  and  it  is  presumed  that  Liecturers 
on  Medicine  will  see  the  advantage  of  recommending  to  their 
pupils  a  work  of  highly  respectable  character,  the  composition  of 
original  writers,  and  which,  it  is  hoped,  will  neither  disappoint  the 
advanced  student  by  its  brevity  and  incompleteness,  nor  perplex 
those  commencing  their  studies  by  an  artificial  arrangement. 

But,  whilst  the  Editors  have  felt  it  to  be  their  duty  to  prepare  a 
safe  and  useful  book  of  reference  and  text-book,  it  would  be  doing 
injustice  to  those  by  whose  co-operation  they  have  been  honored, 
not  to  avow  that  they  have  also  been  amlntious  to  render  the 
work  acceptable  and  interesting  to  readers  who  have  leisure  and 
inclination  to  study  what  may  be  termed  the  Philobofitt  of  Medi- 
cine :  whatever  is  truly  philosophical  in  medicine  being  also  useful, 
although  the  application  of  the  science  to  the  art  requires  much  re- 
flection and  sound  judgment. — For  the  assistance  of  those  who  desire 
to  pursue  a  regular  course  of  medical  reading,  ample  directions 
will  be  given  when  the  work  is  completed ;  and  for  those  who  may 
be  anxious  to  prosecute  any  particular  subject  to  a  greater  extent 
than  the  limits  of  the  Cyclopffidia  permit,  a  list  will  be  given,  in  an 
Appendix,  of  the  best  works  relating  to  each. 

The  means  of  accomplishing  an  undertaking  of  the  importance 
of  which  the  Editors  are  fiilly  sensible,  will,  doubtless,  be  appre- 
ciated after  an  inspection  of  the  list  of  contributors  who  have 
already  promised  their  co-operation.  It  is,  of  course,  desirable 
that  a  work  of  this  kind  should  be  characterized  by  unity  of  de- 
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sigD,  but^  at  the  same  time,  as  each  author  will,  generally  speak- 
ing, coQtribute  his  knowledge  and  his  opinions  on  the  sutjects 
which  have  occupied  his  chief  attention,  the  superiority  of  the 
whole  performance  to  any  thing  which  the  mere  labor  of  compib- 
tion  could  accomplish  will  be  unquestionable.  To  each  important 
article  the  name  of  the  author  will  be  appended. 

The  acknowledged  want  of  such  a  publication,  already  alluded 
to,  and  the  extensive  encouragement  which  Dictionaries  of  a  modi 
greater  extent  have  met  with  in  France  and  Germany,  althoagli 
some  of  them  are  very  unequal  as  regards  the  value  of  different 
parts,  and  encumbered  with  much  that  is  absolutely  useless,  afford 
sufficient  reason  to  hope  for  the  success  of  a  work  in  which  what 
is  valuable  will,  as  much  as  possible,  be  separated  from  what  is 
merely  calculated  to  distract  the  attention,  and  to  frustrate  tbe 
inquiry,  of  those  who  study  the  science  of  medicine  with  a  Tiew 
of  regulating  and  improving  its  practice. 

In  order  to  insure  this  success,  it  is  the  desire,  and  will  be  the 
endeavor,  of  the  Editors  to  make  the  CYCLOPiEniA  op  Practicai 
Medicine  not  only  obviously  useful  to  those  for  whom  it  is  more 
immediately  intended,  but  so  creditable  to  British  Medical  Sassa 
as  to  deserve  and  to  obtain  the  patronage  of  all  classes  of  the 
Medical  Profession. 


In  the  American  edition,  all  interesting  details  on  the  subject^ 
of  Materia  Medica  and  Medical  Jurisprudence,  omitted  in  the 
original,  will  be  supplied. — Much  new  matter  in  relation  to  Ameri- 
can Surgery  and  Medical  Practice  will  be  introduced ;  and  for 
this  ample  materials  have  been  promised. — Full  explanations  wiS 
be  given  of  all  medical  terms,  especially  those  which  modem  dis- 
coveries have  introduced  into  the  nomenclature  of  the  science,  and 
without  a  knowledge  of  which,  many  of  the  works  of  the  present 
day  are  almost  unintelligible. — At  the  termination  of  each  article 
the  most  copious  references  will  be  given  to  the  best  writers  on 
the  subject,  so  as  to  enable  the  student  who  desires  it,  to  pursue 
his  investigations  with  the  least  trouble  and  the  greatest  advan- 
tage.— Finally,  the  whole  work  will  be  carefully  revised,  and  soch 
additions  made  as  may  tend  to  increase  its  value,  and  to  render  it, 
what  it  is  desired  it  should  be — A  cohplete  Library  of  the  Medical 
Sciences. 


